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ABSTRACT
In the past few years a great deal of attention has been
given to species diversity in the tropics. Particularly,
the discussion has centered around sympatric, congeneric
species. For testing the several hypotheses proposed as ex
planations for greater diversity in tropical environments,
little information from field studies has been available.
The present study is an attempt to evaluate the various
hypotheses under field conditions, using supplemental in
formation from museum specimens and from the literature.
The genus Thrvothorus is especially suited for such a study
in that so many forms occur in such a limited area, less
than 8,600 square miles, and are restricted in distribution
to the tropical and subtropical life zones. In Costa Rica,
two or more Thrvothorus wrens often occur at the same lo
cality and three or four in sympatry are not uncommon. A d 
ditionally, all these wrens appear to be very similar in
habitat selection and in behavior.
During a one-year period, the wrens were studied in the
natural habitat. The investigation emphasized habitat util
ization, foraging behavior, and interactions between spe
cies. Specimens were collected regularly to analyze food
items, ectoparasites, and breeding condition as well as to
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provide additional material for a study of molt and varia
tion in each form.
Examination of stomach contents revealed that the diets
of the wrens are essentially alike. There is no distinct
selection in size of food item or in the type of prey. The
ectoparasites collected reflected only the region in which
the host had been secured. Two types of ectoparasites, eyeworms and subcutaneous fly larvae, may be important mor
tality factors, the latter particularly in nestling birds.
As the reproductive and molt periods are high points of
energy demand, a staggering of peaks in these periods among
the sympatric forms would decrease the demands upon the en
vironment at any one point in the annual cycle. While there
is an indication of such staggering among the wrens, the
available information is not sufficient to provide an une
quivocal demonstration.
Upon closer examination, the similarity in habitat se
lection among the sympatric wrens lessens. Two forms are
essentially inhabitants of the open woodlands, while eight
of the remaining may be typified as occupants of "edge"
situations. There is not sufficient information regarding
T. maculioectus umbrinus. Wherever two or more Thrvothorus
are in sympatry, they differ in the density or openness of
the habitat selected. All the wrens are similar in foraging
behavior and wide overlap occurs, but there appears to be
some stratification in feeding. Finally, while the evidence
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is mostly indirect, interspecific territoriality appears
to be a major factor allowing members of this avian genus
to live in sympatry.
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INTRODUCTION
One aspect of ecology that has drawn increasing atten
tion in recent years is the latitudinal increase in species
diversity as the tropical regions are approached. To ac
count for this increase in diversity, several hypotheses
have been offered. Included among these proposed explana
tions are the historical time factor, complexity of the en
vironment, competition, predation, climatic stability, and
productivity of the environment. For a review of these hy
potheses see Pianka, 1966.
In attempts to evaluate these various ideas, attention
has centered on sympatric, congeneric species. Inhere sym
patric congeners occur in temperate regions, the mechanisms
reducing or eliminating competition between the species are
usually evident: little or no overlap in food items (Cade,
1960, for Falco): selection for different habitats (Selan
der and Giller, 1961, for Cassidix): stratification in
feeding or nesting (MacArthur, 1958, for Dendrolca): or
differences of feeding behavior (Grant, 1966, for Zonotrichia).
The picture presented by sympatric congeners in tropical
regions is not, however, as clear as in temperate regions.
Studies do indicate that at least some mechanisms operating
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in temperate latitudes are also effective in tropical re
gions, For example, Willis (1960) found stratification and
differential use of the habitat by members of the avian
genus Habia in British Honduras. Hamilton (1962), in his
studies of the avian genus Vlreo. found selection for dif
ferent habitats, stratification in the same habitat, and
altitudinal separation among sympatric tropical members of
the genus.
In many cases such mechanisms are not apparent and the
situation has led to several ideas on niche size, overlap
in niches, and reduction of competition through mechanisms
other than those known for temperate regions. Connell and
Orias (1964) state that greater species diversity will re
sult where the environmental diversity and the rate of
production of organic matter is greatest. They believe that
greater organic production and stability allow for larger
populations and this, in turn, enhances genetic variability
among sedentary, semi-isolated populations. In related
studies, Klopfer and MacArthur (i960, 1961) suggest that
tropical species have niches reduced in size or have grea
ter overlap in niche requirements; i.e., the portion of
the niche not shared with another species is less in the
tropics than for a similar situation in more northerly lat
itudes. In this respect, most attention has been given to
the 'food niche*. Hutchinson (1959) suggested that dif
ferences in food items might be reflected in birds by cul-
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men length and that ratios between means of cuLinen length
(larger species compared to smaller species) for sympatric
northern congeners should be greater than those for sym
patric tropical congeners. This approach has been utilized
by Klopfer and MacArthur (1961) and Schoener (1965). As
pointed out by Johnson (1966), however, the value of a sin
gle character as a measurement of the 'food niche* is very
questionable in many cases, for the functional aspect of
the bill may be equally dependent upon bill width or depth.
Recently, Paine (1966) has proposed that predation (in
cluding parasitism) may account for species diversity in
an ecosystem. Paine stated that predators may maintain
populations at sufficiently low levels as to eliminate com
petition for all intents and purposes.
Finally, Klopfer (1965) proposed that tropical species
are more stereotyped in their behavior and, hence, in their
habitat selection. For this reason, the environment may be
partitioned into smaller fragments, allowing an increased
number of niches.
There is, however, one unfortunate aspect to this other
wise fruitful line of investigation. Very little of the re
search on tropical species diversity has had a foundation
based on field studies. There has been, and continues to
be, a need for testing the various hypotheses in tropical
situations. With this thought in mind, 1 spent nine months
from September, 1962 through May, 1963 becoming acquainted
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with the Costa Rican avifauna. 1 soon realized that the
wren genus Thrvothorus offered an excellent opportunity to
study tropical species diversity under field conditions.
Eleven forms of Thrvothorus are known from Costa Rica, an
area of approximately 8,600 square miles. The genus is furthur restricted in Costa Rica to the regions that comprise
the tropical and subtropical life zones as outlined by
Holdridge (1953). Locales xriiere three or four forms may be
sympatric are not uncommon. Further, the wrens are gen
erally a rather conspicuous element of the local avifauna,
their presence quickly made known through their activities
and vocalizations. With two exceptions, these birds are
similar in habits and habitat selection, a feature adding
to the attractiveness for a study of species diversity.

METHODS AND MATERIALS OF STUDY
This study consists of three parts: a survery of the
literature; an examination of museum specimens; and an
ecologically oriented field investigation.
Literature Survey
The literature was reviewed for behavioral data, notes
on habitat preferences, and other pertinent ecological in
formation on the wrens throughout their entire ranges. In
addition, this survey added information on the distribu
tion of these birds in Costa Rica. Finally, information
was gathered that concerned the taxonomic problems among
the forms of Thrvothorus occurring in Costa Rica.
Museum Specimens
Examination of prepared specimens was utilized to de
termine the distribution of each form in Costa Rica. Each
specimen was examined for extent of wear and possible molt.
Also, measurements of the wing (chord), tail, exposed culmen, length of bill from nostril, tarsus, and middle toe
were made to test for seasonal, sexual, and geographical
variation (see Baldwin, Oberholser and Worley, 1931, for
definitions of measurements). Juvenal and immature speci
mens provided information that aided in determining the
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breeding cycles,
A total of 995 specimens was examined.
Field Study
The ecological and behavioral bases for the study are
theresults of one year of field work from September, 1964
through Aiigust, 1965. During this one-year period, I ob
served the wrens at a variety of localities, emphasizing
areas where two or more congeners occurred. The field stu
dies concerned habitat utilization, foraging behavior, com
munication between individuals, and interactions between
species. Specimens were collected regularly and prepared
as museum skins or skeletons. Each bird collected was
placed in a cloth bag to prevent transfer of ectoparasites
from one host to another. At the time of preparation, each
bird was carefully examined and ectoparasites were pre
served in 80 per cent ethyl alcohol: the bag containing
the wren was also examined and cleaned. Weight, color of
soft parts, and fat condition of each bird were recorded:
from May through August, the gonads were preserved in 80
per cent ethyl alcohol. The ossification of the skull was
noted to determine the age of the bird.

TAXONOMIC ENIGMAS
There are several taxonomic questions regarding the
forms of Thrvothorus now recorded from Costa Rica that
have received a variety of treatments by recent ornithol
ogists. Three of these several problems must be resolved if
the following discussions on sympatry and niche overlap
are to be meaningful. Additional species problems exist
among Costa Rican wrens. However, as these problems do not
directly effect the present study, they will not be cons idered.
The questions that must be resolved are those concerning
the semibadius-nigricapillus. the maculipectus-rutilus. and
the modestus-zeledoni complexes. Hellmayr (1934) considers
each of the species pairs to represent conspecific forms.
Paynter (1960) treats the modestus-zeledoni and the semibadius-niericapillus groups as conspecific, but provision
ally retains r u t H u b and maculioectus as full species. Slud
(1964) retains as full species semibadius and nigricapillus
(following Wetmore, 1959), but considers zeledoni to be a
subspecies of modestus. Russell (1964), Howell (1957), and
Monroe (1965) all retain maculipectus as a distinct species,
while Blake (1953) places this complex of populations in
conspeeificity with rut H u e .
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The maculjpectus -rutl.lus Complex
Hellmayr (1934: 209) unites the rutilus and maculipectus
populations on the basis of similarity between the South
American populations known as T. r. paucimaculatus and the
aacullpectus populations of southeastern Mexico and Central
America. He states that these two forms are very similar in
coloration and that H. • .the black pectoral markings are
sometimes

[italics mine]

quite similara"

Though Hellmayr (loc. cit.) tends to discredit the "mi
nor" differences between T. r. nfluclmaculatus and the pop
ulations of maculipectus. a comparison of the forms of
maculjpectus and rutilus that are closest geographically
to one another immediately brings forth strong differences
between the two forms.
First, the dorsal coloration of the rutilus form, T. £.
hypervthrus. is an olive brown, whereas the maculipectus
race, £. a* umbrinus. has rich chestnut tones. The crown
of the latter tends to be concolor with the rest of the
upper parts though, perhaps, with slightly richer tones.
In hypervthrus. on the other hand, the crown is set off
from thehind neck and'back by the presence of rufous.
Second, the rich ochraceous coloration of the ventral
surface on hypervthrus contrasts strongly with the promi
nent black-on-white spotting of the breast and upper abdo
men and the plain brown of the lower abdomen and flanks in
umbrinus.
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Third, the throat spotting of umbrinus is black on
white. In contrast, the spotted throat of hypervthrus con
sists of white spots on black feathers.
Finally, in Juvenal plumage both hypervthrus and umbri
nus tend to resemble the adults. However, in umbrinus the
spotting of the ventral regions is present, though masked
by a gray suffusion. T. £. hypervthrus. on the other hand,
has a medium gray throat that does not assume the spotted
pattern of the adult plumage until the post-juvenal molt.
As Howell (1957: 98) points out, the plumage differences
between the adjacent populations of hypervthrus and umbri
nus are far more significant than a superficial resemblance
between populations widely separated geographically. Conse
quently, I believe that each rassenkreis deserves full spe
cies ranking.
The semibadius-nigricapillus Complex
Again, Hellmayr (1934: 180) uses a superficial resem
blance as a criterion for placing an allopatric population
in conspecificity with a relatively wide-ranging and varia
ble rassenkreis. The variation of the ventral surface among
the several populations of the nigricapillus assemblage has
been described at length by Wetmore (1959: 15-17). Wetmore
has also carefully documented the similarities and dissim
ilarities between the nigricapillus populations and semibadius. Among the dissimilarities, I would emphasize the

o
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black crown of nigricapillus versus the undifferentiated
chestnut crown of semibadius. In addition, semibadius has
a more finely barred ventral surface than the barred popu
lations of nigricapillus. Both of these characteristics ap
pear to be important in species recognition.
The songs of nigricapillus and semibadius are readily
distinguished in the field. Different, too, are the churrs
that apparently serve as notes of warning or alarm; that
of semibadius is less guttural in quality.
Because of the major plumage differences and the com
plete isolation of semibadius from nigricapillus. I follow
Wetmore (loc. cit.) and Slud (1964) in considering the form
semibadius to be a full species.
Though occupying allopatric ranges, the two wrens appear
to be ecological replacements. This, I believe, argues in
favor of Wetmore's contention (loc. cit.) that semibadius
is an early derivative from an ancestral stock shared with
the nigricapillus complex.
The modestus-zeledoni Complex
The Caribbean population of Nicaragua, Costa Rica, and
Panama known as zeledoni. is, essentially, a large, gray
version of modestus. I have examined adults and young of
both forms without detecting any plumage characters that I
consider to be of significance. It is the great similarity
of song, scold note, and habitat preferences that lead me
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to the conclusion that zeledoni should be considered as an
isolated subspecies of modestus as stated by Hellmayr (1934:
170), Paynter (i960), and Slud (1964).
However, there is not any intergradation between the two
forms as stated by Hellmayr (loc. cit.). Indeed, specimens
of modestus from that part of the range closest to zeledoni
are the most distinct from population samples of the latter
that I have examined.

DISTRIBUTION AND SYMPATRY
The distributional patterns of the genus Thrvothorus in
Costa Rica broadly reflect the major patterns of avifaunal
distributions in this Central American country. Extending
throughout both Pacific and Caribbean lowlands, members of
this genus are found up to elevations of 6,500 feet, though
most are uncommon above 4,000 feet, and the majority of the
forms reach their upper limits of distribution between
2,500 and 3,000 feet. The eleven forms of Thrvothorus in
Costa Rica fall, for the most part, into two geographically
distinct groups, the Pacific and the Caribbean, though
T. m. modestus spreads across the Meseta Central and spills
over onto the upper portion of the Caribbean slope. Within
these two groups may be found most of the elements involved
in the origin of the Costa Rican avifauna as analyzed by
Slud (1964: 7-13).
Locales and physiographic features referred to in the
text are shown in Figure 1.
Pacific Group
Among the six forms whose major distributional pattern
places them within this group, three elements are evident.
These are: 1. southern forms reaching their northern lim
its in Costa Rica; 2. northern forms that reach their
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Figure 1. Map of Costa Rica showing the localities
and physiographic features mentioned in text.
Identification of numbered localities and features.
1. Laguna de Arenal

10. San Josd

2. Tilar£n

11. Los Chiles de Gr£cia

3. Esparta

12. Rfo Grande de TArcoles

4. San Mateo

13. Rfo Parrita

5. Las Agujas

14. T^rraba valley

6. Parrita

15. Meseta Central

7. Buenos Aires

16. Rfo Frfo

8. Golfito

17. Rfo Reventazdn

9. Carrillos, Alajuela province
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southern limits in Costa Rica; and 3. northern forms that
extend beyond Costa Rica into Panama and northern South
America,
Thrvothorus semibadius.— > This wren is without doubt a
species autochthonous to southern Middle America. It is re
stricted in distribution to southwestern Costa Rica and ad
jacent portions of Panama. In Costa Rica semibadius reaches
its northern limits at Las Agujas (Bangs and Griscom, 1914),
but is uncommon beyond the Rio Parrita. Though I have ob
served this form at 3,300 feet, semibadius is not common
above the 2,500-foot elevation. Throughout the lower eleva
tions, this wren is widely sympatric with T. fasciatoventris melanogaster and T. m. modestus. and sporadically sym
patric with £. rufalbus castanonotus.But semibadius appears
to be the only member of the genus that has been able to
penetrate along the waterways into the wooded foothills.
The extent of distribution of this wren closely parallels
.the extent of the wet forest of the Pacific southwest of
Costa Rica. (See Figure 2.)
Thrvothorus fasciatoventris melanogaster.-- The range of
the species extends from Colombia into southwestern Costa
Rica. Hence, this species may be considered a part of the
South American element in Costa Rica. As with T. semibadius.
this wren seems limited by the extent of the wet forest in
southwestern Costa Rica. Probably melanogaster extends cas
ually northward from the R£o Parrita, as specimens have
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Figure 2. Distribution in Costa Rica of
T. semibadius and T. nigricapillus costaricensis.
Explanation of symbols: Solid symbols represent localities
based on specimens examined; open symbols are localities
based only on literature records or field observations.
X* semibadius is represented by triangles; T. n. costari
censis by circles.
”
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been taken at Las Agujas and San Mateo. Though confined to
the coastal lowlands throughout most of its range in Costa
Rica, melanogaster has succeeded in penetrating up the val
ley of the R£o Tdrraba to the region of Buenos Aires. In
Costa Rica this species is unknown above an elevation of
2,000 feet. As already noted, melanogaster is sympatric
with 1. semibadius and T. m. modestus throughout its entire
range and with T. rufalbus castanonotus at restricted lo
calities. (See Figure 3.)
Thryothorus rutilus hyperythrus.—

This is the third

species in the Pacific element that reaches its northern
limits in Costa Rica. The species T. rutilus extends south
ward to Colombia, western Ecuador, western Pern, northern
Venezuela, Trinidad, and Tobago. In Costa Rica the form
hvpervthrus presents a distributional pattern that is dif
ficult to explain. There are apparently two centers of
abundance (Slud, 1964: 289): one in the Tdrraba valley of
southwestern Costa Rica, the other in the dry forest re
gions at the head of the Golfo de Nicoya. Records outside
these two areas indicate that this wren may occur locally
along the entire length of the Pacific slope. Slud (loc.
cit.) has found this species above the 4,000-foot level,
but the vast majority of the locality records indicate an
upper limit of less than 3,000 feet. The specimen taken at
Carrillos, Alajuela province, is difficult to explain un
less the bird represents a wandering individual from popu-
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Figure 3. Distribution in Costa Rica of
T. fasciatoventris melanogaster and T.
atrogularis.
Explanation of symbols: Solid symbols represent localities
based on specimens examined; open symbols are localities
based only on literature records or field observations,
£• f,. melanogaster is represented by triangles; T. a. atro
gularis by circles. The star designates the type"~locality
of T,
atrogularis.
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lations lower in the valley of the Rio Grande de Tdrcoles,
In the southwest hvpervthrus is found in sympatry with
T. m. modestus. It is doubtful that this wren actually comes
into contact with T. semibadius and T. fasciatoventris m e 
lanogaster. though the three forms are sympatric in the
sense that their ranges are broadly overlapping. In the
northern area, hvpervthrus probably comes into contact with
both modestus and T. rufalbus castanonotus. It is possible
that T. pleurostcitus ravus also comes into contact, but
the habitat preferences of hvpervthrus make this unlikely.
(See Figure 4.)
Thrvothorus modestus modestus.-- Ranging from southern
Mexico into central Panama, this species is an endemic ele
ment of the Middle American avifauna. In Costa Rica the
nominate form of this species spreads throughout the Paci
fic coast, rising onto the Meseta Central and spilling over
onto the upper reaches of the Caribbean slope in the valley
of the Rio Reventazdn. Of the eleven forms of Thrvothorus
occurring in Costa Rica, modestus has the broadest vertical
as well as the most extensive geographical range. It has
been recorded up to 6,500 feet on the slopes of Volcdn
Irazd. One of the most puzzling questions concerning the
distribution of the wrens of the genus Thrvothorus in Costa
Rica is the gap that exists in the valley of the Rio Reventaz<5n between the nominate race and T. modes tus zeledoni.
the Caribbean counterpart. Habitat that appears to be suit-
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Figure 4. Distribution in Costa Rica of
T. rutilus hvpervthrus and T. maculipectus umbrinus
Explanation of symbols: Solid symbols represent localities
based on specimens examined; open symbols are localities
based only on literature records or field observations.
T. r. hvpervthrus is represented by circles; T. m. umbrinus
by the triangle.
*”
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able for either form exists in this thirty-mile gap between
the known ranges of modestus and zeledoni. To my knowledge,
there are no geographic barriers to prevent one or the other
form from occupying the area. Throughout the Pacific slope
modestus is broadly sympatric with T. rufalbus castanonotus.
T. pleurostictus ravus. T. semibadius. and T. fasciato-ventris melanogaster. In addition, modestus is in direct sympatry with X* rutilus hvpervthrus in the region of Buenos
Aires. Finally, sympatry occurs with T. a. atrogularis in
the upper reaches of the Rfo Reventazdn and at Laguna de
Arenal, localities where both modestus and atrogularis are
at their distributional limits. (See Figure 5.)
Thrvothorus rufalbus cas tanonotus.—

Like T. modes tus.

this species is probably autochthonous to Middle America.
Unlike modestus. however, rufalbus extends beyond Middle
America into Colombia and northern Venezuela. In Costa Rica,
the race castanonotus is second only to T. m. modestus in
vertical extent of distribution as I have found this wren at
4,700 feet on the Sierra de TilarAn, and castanonotus has
been collected on the Meseta Central as far east as San
Josd. The only record from the Caribbean slope for the race
is the type specimen taken by J.C. Zdledon at Angostura
(Carriker, 1910: 757). Carriker describes this record as
being outside "the regular range of the bird. . .," while
Slud (1964: 285) suggests that the locality is in error
because this wren has never since been recorded from the
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Figure 5. Distribution in Costa Rica of
T. m. inodestus and T . m. zeiedoni.
Explanation of symbols: Solid symbols represent localities
based on specimens examined; open symbols are localities
based only on literature records or field observations.
T. ££. modes tus is represented by circles; T. a* zeiedoni
by triangles. The star designates the type~locality of
T. m. modestus.
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Caribbean slope. In 1964 I learned of a small community
near Esparta called Angostura. I suggest this Pacific low
land community might be the locality intended by Zdledon.
Throughout its range castanonotus has an irregular distri
bution. Wherever it appears, however, T. m. modes tus is
usually present. This wren comes into sympatry with T.
atrogularis at the Arenal gap where castanonotus. like
modestus and atrogularis. is at the margin of distribution.
At Miravalles in the Cordillera de Guanacaste, castanonotus
is found in sympatry with T. £. thoracicus. In the south
western portion of Costa Rica this form occurs locally with
T. semibadius and T. fasciatoventris melanogaster. I do not
know of any locality in this region where castanonotus oc
curs in the absence of these two forms. (See Figure 6.)
Thrvothorus pleurostictus ravus.—

The species is en

demic to Middle America. The distribution is from Mexico to
Costa Rica. The subspecies ravus is restricted to the Pacif
ic lowlands of Nicaragua and Costa Rica, according to Paynter (1960: 409). In Costa Rica this wren is distributed
throughout the dry forest region and as far south as the
Rfo Grande de T£rcoles, though ravus is uncommon in the
transitional area of vegetation. Slud (1964: 288) reports
ravus in small numbers on the western edge of the Meseta
Central. This form occurs in sympatry with T. m, modes tus
throughout the entire range of ravus in Costa Rica. Locally,
ravus makes limited contact with T. rufalbus castanonotus.

i
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Figure 6. Distribution in Costa Rica of
T. rufalbus castanonotus.
Explanation of symbols: Solid symbols represent localities
based on specimens examined; open symbols are localities
based only on literature records or field observations.
The type locality is designated by the star.
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There may be some contact with T. rutilus hvpervthrus at
the head of the Golfo de Nicoya, but the habitat prefer
ences of these two forms make this unlikely, (See Figure
7.)
Caribbean Group
Of the five forms comprising this group, four extend in
to adjacent parts of Nicaragua. The fifth, T. maculipectus

1/
umbrinus.

reaches its southern limits in the central part

of northern Costa Rica. The lack of records for these wrens
form the northeastern section of the Caribbean lowlands
does not indicate absence from that region; rather, it is
a reflection of the lack of field work in that area.
Thrvothorus maculipectus umbrinus.—

An autochthonous

member of the Middle American avifauna, this species ran
ges throughout eastern and southwestern Mexico and extends
through Central America to northern Costa Rica. Known only
from one locality in Costa Rica (Arnold, jyi press). this

2/
w e n is probably a recent arrival in the country.

As the

single specimen secured was in breeding condition (testes,
8 x 4

and 6 x 4 mm), this species is probably resident in

the R£o Frio area. Howell (pegs, comm.) states that macull1 I concur with Howell (1957) and Monroe (19^5) that T. m.
petersi cannot be distinguished from T. m. umbrinus.
2 Zeledon (1882) in a list of birds from Costa Rica indi
cated the presences of Pheugopedius (= Thrvothorus) mac
ulipectus in his collections. However, Ridgway (l£04),
Carriker (1910), Hellmayr (1934), Paynter (I960), and
Slud (1964) all fail to acknowledge this record.
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Figure 7. Distribution in Costa Rica of
T. pleurostictus ravus and T. t. thoracicus.
Explanation of symbols: Solid symbols represent localities
based on specimens examined; open symbols are localities
based only on literature records or field observations,
T. £* ravus is represented by triangles; T. t . thoracicus
by circles. The type locality of T. t. thoracicus is des
ignated by the star.
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pectus may be extending its range southward with the removal
of the original forest. At Los Chiles de Grecia, umbrinus
occurs with T, t. thoracicus. T. £. atrogularis. T. modestus zeiedonif and T. nigricapillus cos taricens is. (See Fig
ure 4.)
Thrvothorus thoracicus thoracicus.—

According to Hell-

mayr's (1934: 176) concept of the species, thoracicus (in
cluding the leucoppgon populations) ranges from Caribbean
Nicaragua into Pacific Colombia, southwestern Bolivia, and
lowland Ecuador. Wetmore (1944: 66-67) restricts the name
thoracicus to those populations from Nicaragua to the Isth
mus of Panama. In Costa Rica this wren occurs throughout
the Caribbean slope to at least an elevation of 2,000 feet
/

and spills over onto the Pacific slope at Volc&i Santa
Marfa and Volc&i Miravalles in the Cordillera de Guanacaste.
I fully expected to locate thoracicus in the gap at the
Lacuna de Arenal where the wooded habitat utilized by this
wren is widespread. However, extensive searching in the re
gion failed to produce this species. Throughout the Carib
bean lowlands thoracicus is in sympatry with three con
geners: T. modestus zeiedoni. T. £. atrogularis. and T.
nigricapillus costaricensis. (See Figure 5.)
Thrvothorus nigricapillus costaricensis.-- The species
ranges from Caribbean Nicaragua through Costa Rica, Panama,
and western Colombia to Ecuador. In Costa Rica the form
costaricensis occurs throughout the entire Caribbean low-
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kands. As with T. modestus zeiedoni. costaricensis is not
common on the slope, but does occur to at least an eleva
tion of 2,000 feet in the valley of the Rfo Reventazdn and
in the San Carlos region of Alajuela province. Carriker
(1910: 761) states that this wren is uncommon above 1,200
feet. Unlike zeiedoni. this wren does not seem to be lim
ited in distribution by an affinity for rivers. In this
respect, the absence of costaricensis from both the Arenal
gap, which T. §l. atrogularis has penetrated, and the Cor
dillera de Guanacaste, where T. t. thoracicus has estab
lished itself, remains unexplained. Like thoracicus and
atrogularis. costaricensis is sympatric with T. m. modestus
at the middle elevatons of the Rfo Reventazdn valley. Other
wise, the sympatry of costaricensis with its congeners is
like that of zeiedoni. (See Figure 2.)
Thrvothorus atrogularis atrogularis.-- The range of the
species (including the sradix populations) extends from
Caribbean Nicaragua onto the Pacific coast of Colombia. The
nominate race has a distribution like that of T. modestus
zeiedoni and T. t. thoracicus. ranging from Nicaragua into
central Panama. The Costa Rican populations of atrogularis
are spread widely over the Caribbean lowlands, spilling
over onto the Pacific slope at Laguna de Arenal and reaching
an elevation of 2,000 feet in the R£o Reventazdn basin on
the Caribbean slope. Nowhere in Costa Rica does this wren
occur in abundance. The pattern of sympatry for atrogularis
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is much like T. nigricapillus costaricensis. except that
atrogularis is sympatric also with T. rufalbus castanonotus
and T. m. modestus at the Arenal gap. (See Figure 3.)

VARIATION IN COSTA RICAN THRYOTHORUS
Any discussion concerning habitat selection, food pre
ference, selection of nesting sights, or any similar aspect
of the ecology of these wrens will have less meaning if var
iation within the forms is ignored. Brown and Wilson (1956)
state that where similar species of animals are sympatric,
the differences between them will be accentuated. This ac
centuation is called "character displacement" by Wilson and
Brown. If, as some investigators suggest, "character dis
placement" is less pronounced in tropical regions than in
temperate regions, then the reduction of displacemetn should
be evident in such characteristics as bill size, wing length,
tail length, and leg size of birds. Tables I and II enum
erate the ratios of means for the preceding characters in
the Caribbean and Pacific forms, respectively. The wrens of
the Caribbean slope are compared with X« £• thoracicus and
those of the Pacific slope are compared with X» rutilus

hv-

perythrus. The comparison of ratios between the means of the
selected characters of sympatric forms presents an accurate
evaluation of similarities and dissimilarities of these
characters•
Interspecific Variation
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One would expect closely related species to have certain
similarities in habits that would be reflected in similarity
of form. Differences in habits between such species might
then also be reflected to some extent in relatively minor
structural differences. These would probably be apparent in
the bill, wings, tail, and legs of birds, mirroring to some
extent the differences in habitat utilization.
Among the Caribbean wrens, the ratios for exposed culmen
are approximately the same for the three larger forms. These
wrens have very similar food habits. The fourth form, T. t.
thoracicus. is both the smallest of the Caribbean Thrvo
thorus and the most distinctive in its habitat selection.
The somewhat smaller ratios (hence, slightly smaller means)
for tarsus and middle toe of T. g. atrogularis support the
idea that this form utilizes the lowest stratum of the hab
itat to a lesser degree than de T. modestus zeiedoni and
T. nigricapillus costaricensis. The close similarity of
these three wrens in all selected measurements is a strong
indication of the close similarity of habitat requirements
in these sympatric congeners.
The situation among the Pacific wrens approximates that
of the Caribbean forms. The birds with largest ratios for
tarsus and middle toe are closer to the ground in their
habitat selection and spend more of their time in the low
est stratum of the vegetation. T. rutilus hvpervthrus.
1* Pleurostlctus ravus. and T. rufalbus castanonotus have
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the relatively largest wings; These are the forms that are
less sedentary; Noteworthy too, Is the fact that the six
Pacific forms separate into two groups according to bill
size* Though each of the forms within each group is sympa
tric in some part of its range with the other members of
that group, there are other mechanisms working which ob
viate the necessity for differences in Jood preferences.
Intraspecific Variation
T. modestus is the only species of wren that exhibits
geographic variation within Costa Rica. In addition, the
race X* 2U modes tus exhibits intraracial variation in the
Pacific Southwest. Bangs (1907: 304) was the first to com
ment on the variation in this region. He stated that spec
imens from the Rio Grande region were intergrades between
modes tus and the Panamanian race T. modes tus elutus. Car
riker (1910: 756) also commented on this supposed inter
gradation, but he correctly noted the restriction of this
variation to the Tdrraba valley. Slud (1964: 285) has li
kened the Tdrraba populations to those of T. modes tus
zeiedoni in the Caribbean lowlands; Though the tendency
for grayness in the Tdrraba birds does suggest the colora
tion of zeiedoni. I believe that a more tenable explana
tion is that of geographic isolation. This idea is sup
ported by the facts that the grayness is less noticeable
in the lowland birds in the area at the entrance to the
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valley and that birds from the upper regions of the valley
average slightly larger In bill size and wing length. The
valley Is relatively Isolated except for the lower end.
There Is no evidence of Intergradation In modes tus toward
the grayer and smaller elutus among the specimens taken
from regions south of the Tdrraba valley.
Like so many avian species the Thryothorus wrens In Costa
Rica exhibit sexual variation In size. The males tend to
average slightly larger In each of the selected measure
ments. In every case, however, there Is a broad overlap In
the ranges of the measurements and in every forms females
will be encountered that are larger than some of the males.
Some slight sexual dimorphism in plumage exists In certain
of the wrens, though the sexes are generally much alike In
plumage In all the forms. In T. fasciatoventris melanogaster.
males tend to have more extensive blackness on the lower
breast and abdomen; As a result, females tend to show more
extensive barring on the lower regions. The individual var
iation in this plumage characteristic is great, but a series
of both sexes will demonstrate this difference in colora
tion. In T. nigricapillus costaricensis an obscured barring
sometimes occurs in adults. Like melanogaster. the tendency
for barring is more noticeable in the females.
Individual variation is present in all forms of the
wrens. The wings and tails demonstrate individual variation
particularly well, even though seasonal wear sometimes makes

it difficult to evaluate
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TABLE I. Ratios of means of selected measurements
in the Caribbean forms of Costa Rican Thrvothorus.*

U
a
o

13
g

•d
©
CO
8.
£

8

w

^
o

B

o

-s

w

3

2

t-l

bO

r-l

CO

*0

rl
•rl

fi
;r j

*
f
<

Ij
3

Jtj

«

S

H

H

X

MALES
T. nigrlcapillus
costaricensis

1.14

1.13

1.16

1.38

1.23

1.15

T. t. thoracicus

1.00

1.00

1.00

1.00

1.00

1.00

T.
atrpgularls
£. modestus
aslsflSBLi

1.14

1.12

1.15

1.32

1.18

1.06

1.12

1.12

1.07

1.32

1.22

1.14

T - alSElfiSBillus
costfltiseasis

1.11

1.09

1.11

1.35

1.19

1.18

T. t. thoracicus

1.00

1.00

1.00

1.00

1.00

1.00

T; £.
T. modes tus
zeledoni

1.11

1.07

1.09

1.30

1.14

1.15

1.10

1.08

l;04

1.32

1.18

1.18

FEMALES

* Measurements of wing and taij. utilized only from specimens in fresh plumage or from those showing very little
wear.
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TABLE II. Ratios of means of selected measurements
in the Pacific forms of Costa Rican Yhrvothorus.*
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T. semibadius
1.08
T. fasciatoventris
1.17
Z« BtfUttg
hvnervthrtig
1.00
T. pleurostictus
1.02
ssmss.
I- rufalbus
1.14
castanonotus

1.14

1.08

0.96

1.14

1.16

1.13

l;19

1.16

1.18

1.25

1.00

1.00

1.00

1.00

1.00

1.00

1.09

0.96

1.04

1.08

1.14

1.19

1.04

1.15

1.22

1,02

1.00

1.00

1.06

1.15

1.05

1.13
£• sowlbadius
1. fasciatoventris
1.17
melanomaster
£• rutilus
1.00
T. pleurostictus
“ ravus
1.01
I.
castanonotus
1.12

1.11

1.09

0.95

1.13

1.15

1.15

1.13

1.10

1.18

1.21

1.00

1.00

1.00

1.00

1.00

1.00

1.07

0.95

1.04

1.06

1.14

1.18

1.15

1.18

1.21

T. a. modes tus

FEMALES
T. m. modes tus

^ Measurements of wing and tail utilized only from specimens in fresh plumage or those showing very little wear.

ANALYSIS OF THE BREEDING SEASONS
At the Initiation of reproduction the wrens begin to cre
ate a greater demand upon the energy capacity of the environ
ment. Where species of similar requirements live in sympatry ,
the energy demands during the reproductive period are multi
plied. Though such multiple demands could create competition
among similar species and eventual elimination from the eco
system of one or more of the competing forms, the possibil
ity also exists that the requirements of several similar spe
cies could be spread over an extended period of time. Thus,
there would be the elimination of a single peak with an ex
treme energy demand in favor of several staggered peaks of
lesser demand.
As Skutch (1951: 9) states, there is no evidence that
sympatric congeneric species of birds in Central America
have mutually exclusive breeding seasons. Actually, the op
posite situation is indicated; ,&•£., a wide overlap in the
breeding seasons of sympatric congeners. However, complete
separation of the breeding seasons is unnecessary to reduce
energy demands to such a level that the ecosystem is able to
support two or more congeners. Therefore, in examining the
evidences of breeding that are available, 1 have looked for
a separation of peaks in the reproductive cycles, or for a
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portion of the cycle that is exclusive to the species.
Locating nests in tropical environments is, as Skutch
has noted (o p . cit.r 4), extremely difficult. The number of
nests of Costa Rican Thrvothorus recorded in the literature
and the number that I have located during my field investi
gations 9 together constitute an unfortunately small number.
I have had, therefore, to rely also upon the gonadal condi
tion of specimens collected and the presence of Juvenal spec
imens in museum collections as complementary evidence in de
termining the breeding season and the peak of breeding for
each from of wren. Accounts of the breeding season of each
rj

form of wren follow.
1. nlfigjcflglUus costaricensjs.—

Carriker (1910: 761)

mentions two nests found on 9 and 11 Hay, each with three
fresh eggs. These are the only records cited by Carriker
despite the fact he mentions finding many nests of this
wren. Howell (1957: 97) watched an individual of costarlcensls gathering material at El Recreo, Nicaragua, on 14
August. I did not locate any nests of this bird. Specimens
collected indicate that gonadal enlargement does not begin
until April or May, though a female collected on 13 March,
did have a moderately enlargde ovary. Specimens collected
on 26 August and 4 September had enlarged gonads, but one
taken by Howell (loc. clt.) on 3 August, did not. All exam
ples secured in December and February, and most collected
in March had gonads undeveloped. Young juveniles have been
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collected on 28 November, 3 December, and 10 and 25 January*
Juveniles more advanced in development have been collected
on 18 and 25 February, 9 March, and 17, 21, 27 and 29 June*
these data are indicative to me of a breeding season from
May through early September* The late dates from juveniles
suggest that breeding activity is most intense in the latter
half of this period, especially in July and early August*
T. £• thoracicus.—

Again, Carriker has reported the only

known nest from Costa Rica (1910: 759)* It contained three
"badly-incubated" (= old 7) eggs; All adult specimens col
lected in February, March, April, May, and July, for which
information is available, had enlarged gonads: no specimens
with gonadal information were available for June. Two fe
males reported by Howell (1957: 97) for 11 Auguat, in Nica
ragua had ovaries not enlarged. Two males that 1 collected
in Costa Rica on 22 September, and 16 October, did not have
enlarged testes* No information was available for November,
December, or January* Young juveniles have been collected
on 18 and 23 April* Juveniles taken on 21 and 22 June, 1
July, 30 August, and 26 September, all had begun the postjuvenal molt* Howell (loc. cit*) reported a juvenile molting
into the adult plumage that was collected on 12 August* The
early presence of juveniles and the early initiation of the
post-juvanal molt indicate an extremely early breeding sea
son: February, March, and April; This is substantiated by
the enlarged condition of gonads in the February and March
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specimens.
!• A* atrosularis.-- The nest of atrogularls remains un
known. Two specimens collected on 22 February, and 8 March,
showed only slight* enlargement of the gonads, but a female
also collected on 8 March, had a moderately enlarged ovary.
Specimens taken in late April, May, June, July, and August,
had greatly enlarged gonads, relatively close, if not at,
maximum size. Juveniles have been collected on 10 July, and
16 August. A wren collected on 7 October, had entered into
post-juvenal molt. I secured a bird on 21 October, the skull
ossification of which indicated a bird of the year. The
specimens suggest that the reproductive period probably ex
tends from mid-April through mid-August. The most active
time for breeding appears to be June and July.
X* modestus zeledoni.—

There are no nests of this wren

reported in the literature. The only record known to me is
a nest that 1 found on 23 May 1963. This nest contained one
fresh egg and was attended by an adult. Birds that I col
lected on 20, 21 and 22 February, all had enlarged gonads.
Specimens obtained by others on 18 and 19 May, and those 1
secured on 8, 25, 26 and 27 May, all were in breeding con
dition. A specimen collected by A.P. Smith on 15 June, is
labelled as "nesting.n Juveniles have been obtained on 19
and 27 May, and on 6 and 22 July. The data are scanty, but
the indication is that nesting occurs from February through
June and probably into July, reaching its peak in May and
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June.
T. m. modestus.-- Skutch (1960: 127) states that on the
Pacific side of Costa Rica, this wren has an extended breed
ing season. He has found fledglings as early as mid-February
that were able to feed themselves, indicating that the eggs
were probably laid in the first days of January. Skutch also
has located several occupied nests in February, one with
well-feathered young by the end of the month. The latest
dates recorded by Skutch are for a nest with eggs located on
24 August, and one containing nestlings located on 23 Sep
tember. I failed to locate active nests of modestus. though
a fledgling collected on 27 July, with the female parent was
unable to fly and obviously had only recently left the nest.
A specimen collected on 14 July, by A.P. Smith, has written
on the label "breeding." Gonads of specimens collected by
me on 11 and 21 January, are slightly enlarged, but two
males collected on 20 January, show no enlargement of the
testes. The first noticeable enlargement of gonads occurred
in males collected in the early part of March. Specimens
taken in September, October, and November, did not have en
larged gonads. The first specimen in Juvenal plumage for
which I have a record was collected on 23 April. Other Juven
iles were collected as follows: 30 May; 19 June; 14, 15,
20(2), 22, 27, and 28 July; 5, 7, 14, and 31 August; 3(2),
4, 14, and 28(2) September; 2 and 28 October; and 22 Novem
ber. All the juveniles from August through November had com-
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pleted growth of the rectrices and remiges. The number of
juveniles representing July and August, together with the
number of older juveniles collected in September indicates
strongly that the peak of breeding for modestus occurs in
late June, July, and early August,
I. semibadius.-- According to Skutch (i960: 134), semibadius has a breeding season that extends throughout most
of the year. He found a nest on 28 January with one egg and
one nearly feathered nestling; Skutch assumes that the eggs
were laid as the end of December, The latest active nest
located by Skutch was one with two eggs that he found on 22
July, Juveniles still dependent upon their parents have been
seen by Skutch on 4 October, My only nesting record for
semibadius was on 23 November 1963, The nest was empty, but
a pair of wrens was in attendance, 1 have collected adults
with enlarged gonads in January, March, June, July, and
November, A single male secured on 1 May, did not have en
larged testes, while a male taken by P. Slud on 16 August,
had slightly enlarged testes. No informations concerning
condition of gonads is available for the remaining months.
Juveniles have been collected on 2, 4, 16 and 19 March, 13
June, 6 and 9 October, and 20 November, There is also a
juvenal specimen labelled "July." The juveniles obtained in
March had all completed growth of the remiges and rectrices.
The information available does not indicte a particular
period as the peak of breeding.
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T. fagfiifltgygjntrU SSlSfla5sst§£. —

Like T. £ . ,a.tcqgu-

laris. the nest of this form remains unknown. Gonadal de
velopment as indicated by specimen data apparently is at a
maximum in the period from March through July. One male
taken by P. Slud on 16 August, has testes at minimum size.
A.P. Smith collected a young juvenile on 20 May. Three ju
veniles secured on 8, 12 and 28 August, were all molting
into the adult plumage. Though additional evidence is de
sirable, the major period for breeding appears to be March
through June with occasional breeding in July. But the ad
vanced condition of the August juveniles suggests that
breeding may well begin in February or even late January.
T. rutilus hvoervthrus.-- Fortunately, nesting data for
this wren are not scarce. Skutch (1960: 119) reported the
heoght of the breeding season for hvoervthrus as being
from March through May. He recorded a pair feeding recently
fledged young on 26 February. Skutch recorded egg-laying
in eight nests, as follows: March, 3; April, 2; May, 1; and
July, 2. He located a nest on 28 April, with a complete set
of eggs; these hatched on 30 April. Further, Skutch (o p .
cit.: 121) found a nest with nestlings in April and another
in August. My only nesting record was located on 16 May.
The nest was empty but attended by adults. Gonads of spec
imens collected in April, May, and June, were all greatly
enlarged. Ho other information concerning gonadal condition
is available. A juvenile taken by C.F. Underwood on 4 June,
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had not reached complete development in size or feathers.
The three juveniles secured in July were all entering into
the post-Juvenal molt. X believe that the scanty evidence
presented by the gonadal condition and the presence of ju
veniles in June and July supports Skutch*s estimate of the
breeding peak.
T. maculipectus umbrinus.—

Little information is avail

able for this wren. Howell (1957: 98) reported two juven
iles taken in early August and suggested that the breeding
season of this bird probably concides, at least in part,
with that of T. thoracicus- In a series of specimens of um
brinus from Honduras examples with enlarged gonads were
taken on 2 and 15 March, 5 August, and 29 November. Speci
mens in the series that were collected on 31 August, and 6
September, had almost completed the post-juvenal molt. The
male that I collected, on 11 July, had greatly enlarged
testes.
T. pleurostictus ravus.-- I know of no published nesting
records for ravus in Costa Rica. On 17 July, I was shown
a nest that had been found on 14 July, when it contained
four eggs. I located a nest on 5 August, with at least two
nestlings. Specimens with enlarged gonads have been taken
in February, April, July, Avgust, and September. The few
November and December specimens did not have enlarged go
nads. Juveniles have been collected on 6 and 19 September
and 3, 8, 29 and 30 October. The juveniles of 8, 29 and 30
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October, had completed growth of the remiges and rectrices.
The evidence indicates a breeding season from April through
mid-September, The peak for breeding appears to be in the
months of July and August,
x, rufalbus cast^Bftnotufl-—

Carriker (1910: 757) cited

two nest records for castanonotus: one of 11 May, and the
other on 6 June, each with four fresh eggs, 1 have found
three active nests of this wren: the first on 17 July, con
taining one fresh egg; the second on 28 July, containing
nestlings; and the third on 4 August, containing three par
tially-feathered young. The only available information on
gonadal development is for the months of April, July, and
Auguat. All the specimens had greatly enlarged gonads with
the exception of one female collected on 4 August, which
had a moderately enlarged ovary but was not in breeding
condition. Juveniles have been taken on the following
dates: 16 and 21 June; 8, 9 and 22 July; 5, 12, 22 and 23
August; 9 September; and 4 and 29 October, The October
specimens had completed the post-Juvenal molt, but the
skulls were only slightly ossified. The evidence from go
nadal condition and the dates of the juveniles collected
strongly indicate that the breeding cycle begins in March
and extends through August, Probably the peak of breeding
occurs in May, June, and July,
Table 111 compares the timing if breeding in Costa
Rican Thrvothorus as suggested by the available data.

TABLE III. Comparison of breeding seasons in Costa Rican Thrvothorus.*

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.

T. ji* £25Jsfl£i£££i£LA2i
£• t; j&grecjLcus

■»■■■■■mw? ....
?.... .............. ............

T. E . zeledoni

?.

T. jn. modes tus
£. semibadius.............. .......................
T, £. melanoeaster
T. £. hvpervthrus
T. a* umbrinus**
T. £. ravus
T. £ . castanonotus

?......

?..........

....... ... ......... .............
..... .................. .
.... ........
....... .................

* Solidlines indicate probale peaks in breeding seasons.
** Includes information from Nicaraguan and Honduranian specimens.

MOLT AND PLUMAGE SEQUENCE
Like the timing of the breeding season, the timing of
the molt period in sympatric congeners may be a part of a
mechanism reducing competition. The molting period is the
second part of the annual cycle in which a species places
an increased demand for energy upon the ecosystem. If these
increased energy demands can be spread out over an extended
period rather than being concentrated in one short span of
time, then the ecosystem will be more able to cope with the
demands. Where the energy requirements are multiplied by
the presence of two or more species with similar habits, a
mechanism like that suggested for the breeding seasons may
be present among the similar forms.
As with so many neotropical birds, the molt patterns of
Thrvothorus have received little attention. Through the
examination of 549 specimens I detremined the sequence of
feather replacement in all the Costa Rican forms except
T. macullpectus umbrinus. All specimens examined were from
Costa Rica. The molt period may vary somewhat in other parts
of the ranges of the species. With the study limited to
Costa Rican specimens only, some months were represented by
few specimens and, in the case of certain forms, there were
months for which material was lacking completely.
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Adult Thrvothorus have but one molt per year, following
the breeding season in most of the forms. Consequently, the
molt period of each form is usually a clue to the breeding
period.
1 shall first describe the post-breeding molt, then the
post-juVenal molt. There is no post-natal molt as the young
are b o m naked and soon develope the Juvenal plumage. The
classification of molt and plumages is that suggested by
Amadon (1966), while the names of feather tracts are those
used by Dwight (1903).
Post-breeding Molt
Molt appears first in the capital tract in the vicinity
of the bill and quickly follows in the dorsal and ventral
tracts. The process begins at the anterior portion of the
dorsal tract and continuing posteriorly, eventually meets
with molt spreading from a secondary starting point in the
rump region. In the ventral tract each lateral branch has
an origin of molt, with the molting process proceeding both
anteriorly and posteriorly from the center of origin. The
lumbar and crural tracts begin molting by the time molt has
generally spread through the dorsal and ventral tracts.
The remiges begin to molt about the same time as the
crural tract. The primaries have a pattern of molt common
to many passerines with a regualr sequence from the inner
most first to the outer-most tenth primary. At the same
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time the fifth primary is molted, the molt of the secondar
ies begins, the outermost first, with a regualr replacement
inward. The tertiaries begin molt after the third or fourth
secondary has dropped. The pattern of molt in the tertiaries
is very irregualr with no particular sequence of replace
ment. Initiation of replacement in the wing coverts takes
place before completion of molt in the tertiaries. The under
wing coverts are the last feathers of the alar tract to com
plete molt.
Molt of the rectrices id centrifugal as in most passer
ines. The first pair of rectrices is molted about the time
that the fifth or sixth primary molts. An occasional indi
vidual will molt the rectrices from the next-to-center pair
outward with the central pair last to be replaced. All rec
trices are replaced by the time the ninth and tenth pri
maries are breaking through their sheaths. The tail coverts
begin molt some time after all rectrices have emerged from
the sheathes, but before growth of the rectrices is com
plete.
Body molt is completed before the remiges and rectriced
have reached full development. The upper tail coverts are
the last feathers to be replaced.
Post-juvenal Molt
Initiation of this molt takes place at approximately the
same time as the post-breeding molt, probably three or four
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weeks after fledging. Molt does not start until growth of
the remiges and rectrices is complete.
The sequence of molt is essentially the same as for the
adult molt. Unlike the post-breeding molt, the post-juvenal
molt does not involve a replacement of the wing and tail
feathers, but only a replacement of the contour feathers,
exchanging a juvenal pattern for that of the adult.
In T, m. modes tus. £. modes tus zeledoni. and T. semibad
ius the differences between adult and juvenal plumages are
very slight. In the other wrens, however, noticeable changes
occur in the post-juvenal molt. The juveniles of T. pleuros tic tus ravus and T. rufalbus castanonotus have a spotting
or streaking on the ventral region that is absent from the
adult plumage. In £. rutilus hvpervthrus the gray throat of
the juvenile molts into the white spots on black of the
adult, while the color of the pileum and breast and abdomen
is intensified. The throats of T, fasciatoventris melano
mas ter and T. £• atromularis also undergo distinct changes:
from gray to white in the former; from gray to black in the
latter. Too, melanomas ter takes on the black coloration of
the adult on the flanks and the breast. In T. niarlcapillus
cos tar icons is. the creamy white throat of the juvenile
changes to pure white and the dark brown of the cap is
molted into the adult black. The barring on the flanks and
ahdomen of the juvenile are all but suppressed in the adult
plumage. The juvenal plumage of T. t. thoracicus is liek the
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adult plumage but with a suffusion of gray over the striping
on the breast and throat. This suffusion is lost in the postjuvenal molt and the striping becomes intensified.
Timing of Molt
Except for the reproductive cycle, the molt period cre
ates the greatest demand for energy upon the resources of
the environment. These demands are multiplied when species
of similar requirements occur in the same habitat and the
environment must either be able to meet the excessive en
ergy demands of the breeding and molt periods, or the de
mands must be spread over an extended portion of the annual
cycle. By the examination of specimens 1 have attemped to
determine the molt period of each form of Thrvothorus in
Costa Rica with the exception of X* maculioectus umbrlnus.
T. nigricaolllus costarlcensls.

An examination of 46

specimens indicates that the molting process begins in late
May. Two individuals taken on 16 and 23 May, are worn but
without molt. All June specimens have molt throughout the
body tracts. Replacement of flight feathers as indicated by
the specimens begins in late June and continues through
mid-August (though obviously not in any one individual).
The first specimens with completed molt are of 9 August, but
specimens still in molt have been collected on 17 August.
Unfortunately, no specimens are available for the period of
18 August to 23 September and conceivably the molt period

58

extends Into early September.
T. t. thoracicus.—

1 examined 67 specimens. Again,

specimens were lacking for a critical period, 13 July to
12 August. An Individual taken on 12 July has molt In the
capital tract as does one for 13 August. First molt In the
primaries occurs In a specimen collected on 21 August. Ex
amples representing 15 and 16 October, have completed molt
on the contours, while birds secured on 28 October, and 6
November have flight feathers still in growth. The few
specimens available for late November and December have
completed molt.
T. a. atrogularls.-- An examnation of 34 specimens In
dicates that the molt period begins in early August. Exam
ples for the period of 8 September through 20 January are
few (four specimens), but an individual collected on 14
November with growth Incomplete in the flight feathers shows
that the molt process sometimes lasts into mid-November. The
single December specimen has completed molt.
T. modestus zeledonl.—

With only 25 specimens to exam

ine, one cannot form completely dependable conclusions. How
ever, three badly worn specimens taken in mid-June suggest
that initiation of molt occurs in July or early August. The
single August and September specimens both are in the early
stages of molt. Two specimens collected on 15 October, are
both well into the molt process with remiges and at least
half the rectrices replaced. A single January specimen al-
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ready shows wear.
T. a. modes tus.—

An examination of 96 individuals has

provided a fair idea of the molt pattern for this form. In
itiation of molt has taken place as early as 3 August, but
it more usually occurs in late August. Most often molt of
the flight feathers begins in mid-October,but individuals
collected on 15 and 26 November, have not yet begun molting
in these tracts. The first examples having completed molt
in all tracts are those taken in late November. One bird
secured on 20 January, has not completed molt of the' rec
trices and primaries.
£• semibadius.—

From an examination of 62 specimens, it

appears that the molt period for most of the population be
gins in early April; the earliest date, 4 March, may repre
sent a nonbreeding individual. By mid-May the alar and cau
dal tracts are molting. Molt is completed in specimens for
late August. The molting period for semibadius appears to
be more extended than in the other Costa Rican Thrvothorus.
Iniation of molt extends from 4 March, through 13 June, in
the specimens. The molting of flight feathers continues
from 10 March, through 29 July, in the available material.
First appearance of completed molt is 14 July.
£• fasciatoventris melanogaster.—

Though 64 specimens

were available for examination, the lack of material for
the period of 1 September, to 10 January, prevented

a

really thorough evaluation of the molt period for this form.
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Apparently, molt may begin in early March as specimens from
2 , 5 and 21 March, show the beginning of feather replacement
in the capital tract* The majority of April specimens were
without molt, though one showed a general body molt and molt
in the primaries. May appears to be the month when the ma
jority of the birds actually begin molting. The only exam
ples showing molt of the flight feathers were taken on 18
April, 29 July, and 13 and 23 August. Three birds from late
November and December are in fresh plumage. Over all, me lano gas ter appears to have one of the more extended molt per
iods.
T. rutilus hvpervthrus.—

Although 59 specimens were ex

amined, none was available for the period of 15 October,
through 10 March, Although sometimes evident as early as
mid-May, molt does not generally appear until late July. The
remiges and rectrices first show replacement in early Au
gust, A single bird from early October has replaced the promaries but not all the secondaries,
T. plenrostictus ravus.—

Though 48 examples were avail

able for study, an absence of material from late June through
early October again obscured the limits of the molt period.
Though a specimen taken on 7 October, is very worn and is
without molt, the remainder of the October birds all have ad
vanced stages of molt with five to seven primaries replaced.
A bird of 29 October, has completed replacement of the rec
trices, All November and most December specimens are in a
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general mole condition, but individuals of 14, 19, 24 and
28 December have completed the molt process. There is no
sign of molt in specimens from January through 5 August,
but there is a steady progression in the amount of wear.
T. rufalbtis eastanppotus .—

The lack of material in a

critical period once again makes it difficult to inter
pret the molt sequence from the 48 available specimens. In
the material for March through August there is no molt* An
example ascertained to have a general molt condition and
with the first five primaries molted, but without molt in
the tail was taken on 23 October. One specimen collected
on 24 November has all primaries replaced and the outer
four pairs of rectrices molted: the body molt is almost
completed. Birds secured on 2 'id 3 December have com
pleted the molt process.
Examining the over all picture presented by the speci
mens, a broad overlap is evident in the timing of molt among these forms of Thrvothorus. Equally evident is that
the peak of molt is staggered from one form to the next,
especially among the sympatric forms. Here, as in the stag
gering of the peaks in the breeding seasons, is a mechanism
by which the enregy demands upon the environment have been
extended through a longer portion of the annual cycle, de
creasing the peak demand upon the ecosystem.

ANALYSIS OF STOMACH CONTENTS
Despite the amount of discussion by various authors con
cerning differences in bill size as a reflection of differ
ences in food items, little information is available concer
ning size differences in the food items of tropical con
geners. I have analysed the contents of stomachs from 110
wrens, representing all eleven forms of Thrvothorns in Costa
Rica, as a means of evaluating differences and similarities
in diet. Though 1 realize that this method has certain in
herent shortcomings, mainly the differential digestion of
food items, it remains the most practicable method for a com
parison of this sort. In spite of the above-named handicap
and the small sample size in three or four forms of the
wrens, 1 believe that the over-all picture presented by this
analysis is reasonably accurate.
Major Dietary Items
Skutch (1960) states that the major food items are in
sects for the wren T. rutllus hvpervthrus. While this is
true not only for hvpervthrus. but for all the wrens, insects
are by no means the sole constituents of the diets of Thrvo*
thorns. Many arachnids such as spiders, scorpions, pseudo
scorpions, and phalangids are sought out and eaten. In addi-
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tion, small crabs and snails are included in the diets of
these wrens,
Orthopterans, beetles, true bugs, roaches, larvae of
lepidoptema, and spiders comprised the vast majority of
food items recovered. The preponderance of beetles in the
stomachs is undoubtedly misleading since the heavry sclerotization of the exoskeleton slows the digestion of these
insects. It should be noted that further bias in the sam
pling is introduced by my inability to identify many frag
ments even to the ordinal level.
Similarity of diets is quite evident as some groups of
prey are practically ubiquitous throughout the stomachs.
Besides beetles these include orthopterans, roaches, ants,
lepidopteran larvae, hemipterans, and spiders. One family
of beetles, Curculionidae, occurred in all of the forms
and in most of the stomachs examined. The curculionid
genus Zvaops was taken from seven of the eleven Costa Rican
Thrvothorus.
Table IV lists the prey recovered from the stomachs of
these wrens. Included in the table are the number of stom
achs from which a particular prey was recovered. It should
be obvious that the data in no way reflect dietary items in
terms of volume.
Size of Prey
One potential mechanism for reduction of competition
could be a differentll selection in size of prey. For this
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mechanism to be effective a complete separation in size of
prey woulld not be necessary. Rather, a quantitative differ
ence could effectively reduce competition.
The larger share of identifiable items recovered from
the stomachs are of such size that they had been consumed
whole by the wrens. Skutch (1960: 131) records an instance
where T. semibadius caught and eventually consumed an in
sect ’’almost as long as itself.” The insect was picked apart by the wren and eaten piece-meal. Though I have never
observed any wren eating prey of such size, the presence in
the stomachs of large grasshoppers, roaches, and lepidopteran larvae show that the method of feeding described by
Skutch may not be uncommon. My field observations, however,
indicate that the wrens are more dependent upon small prey.
Table V itemizes prey sizes in four classes, regardless
of type. Only whole prey ha'be been included, and this has
undoubtedly placed a bias upon the results. Though recog
nizable portions of prey were measured and recorded in my
notes, it would be difficult to extrapolate a measurement
of a part (£.•&•» the length of a head or thorax) into the
measurement of the complete organism. To obtain an average
size class I multiplied each class number by the number of
cases in the class, summed these products, and divided by
the number of cases.
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TABLE IV, Occurrence of food items in
stomachs of Costa Rican Thrvothorus.*
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* Figures indicate the number of stomachs containing that
food item.
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TABLE IV. (Continued) Occurrence of food items
in stomachs of Costa Rican Thrvothorus.
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TABLE V; Distribution of food items by size class.

Size class*

1

2

3

4

Average

3

4

2

4

2.5

thoracicus (6 )

4

7

2

-

1.8

T. a.
atrogularis (7)

4

7

-

1

1.9

T. modestus
ledoni (6 )

16

6

2

2

1.6

T . m*
modestus ('14')

20

2

4

1

1.5

T. semibadius (11)

8

7

2

3

2. 0

T. fasciatoventris
melanoaaster (6 )

16

7

-

1

1.4

I. xutUas.
,
hvDervthrus (6 )

13

2

1

1

1.4

T. Sacalipgctus
umbrinus (1 )

5

2

T. pleurostlctus
ravus (7)

1

5

3

2

2.5

4

4

3

3

2.4

T. ni&ricaDillus
costarlcensis (5)
1

!•

%
castanonotus (4)

1.3

* Size classes; 1 = 1-5 mm; 2 = 6 - 1 0 mm; i =" 11-20 mm; and
4 = greater than 21 mm.

HABITAT SELECTION AND UTILIZATION
During the year of field investigation I became increas
ingly aware of subtle differences existing among the sympatric forms of Thrvothorua. both in the selection and the
utilisation of habitat. Though there does exist an overa-all
similarity of habitat preference among these wrens, includ
ing an apparent need for tangles of vines and shrubs, there
are also certain elements of dissimilarity that allow the
wrens to live in close proximity without intense competi
tion between them.
Habitat Preferences
I. nigricapillus costaricensis.—

Slud (1960, 1964) as

sociates thie wren with overgrown borders, especially along
waterways. Howell (1957), Carriker (1910), and Richmond
(1893) concur with Slud in his assessment. My own observa
tions conform to this description of the habitat. My field
work does not, however, bear out the statement by Slud
(1964: 287) that this wren is essentially a woodland spe
cies. On the contrary, I have only once observed costari
censis within a wooded habitat. The thickets utilized by
this bird are usually low and extremely dense. However, the
wrens frequently will appear at the edge of the thickets in
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open view.
T. t„ thoracicus.—

The habitat preference of this form

is the most distinctive exhibited by the Thrvothorus of
Costa Rica. Not only is thoracicus a woodland inhabitant,
it prefers a more elevated stratum of the habitat, as noted
by Carriker (1910: 759). I believe that the selection of
<j
the higher stratum of the forest may be due, in part, to
the presence of the wren Henicorhina leucpsticta. which in
habits the lowest stratum. This belief is based primarily
on the fact that where H. leucostlcta is less abundant or
absent, thoracicus also utilizes the lower stratum.
T.

atrogularis.—

Slud's habitat description (1964:

288) for this species is excellent. My observations con
firm that atrogularis is to be found in low, thick stands
of vegetation. This wren is in sympatry with T. modestus
zeledoni throughout much of the Caribbean lowlands. Here,
the former wren selects the thick stands that frequently
exist in a mosaic pattern throughout the habitat of zele
doni. Outwardly, the thickets selected by atrogularis ap
pear much like those occupied by zeledoni. Inside, however,
the thickets utilized by zeledoni are far more ppen than
those of atrogularis. Similarly near Tilardn, atgogularis
is located only in the thickest stands, while T. jn» modes
tus is found in the more open situations.
T. modestus zeledoni.—

As noted by Carriker (g£. clt.:

755), this form prefers the wild cane and grasses growing
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along the rivers. The wren also occurs in bushy situations
along railroad tracks and fences, but much less frequently.
As noted in the previous account, zeledoni does prefer more
open thickets than T. g. atrogularis. In the canebrakes and
grass clumps one requirement seems to be a viny covering
over the cane or grass. X have rarely found one of these
wrens in a pure stand of cane or grass. The birds will leave
these clumps to forage in more open areas.
T. m. modestus.—

Eisenmann, in commenting on neotropi

cal vireos (1962: 507), states that an abundant species
will use habitats outside the primary niche at the peri
phery of distribution or where there are no better- adapted
competitors. This principle seems to apply in the case of
modestus. Without doubt this wren has the widest range of
habitat selection of the species here being considered.
Skutch (1960: 128) sums up the habitat as: ”. . .weedy
fields, scrubby pastures, and bushy roadsides from sea
level up to almost 7,000 feet.n In parts of its range in
Costa Rica where no other Thrvothorus occurs, modestus
tends to inhabitat the thicket and tangles of greatest den
sity. Yet, in many regions the smallest tangle is suffic
ient for this wren. It is in areas of sympatry that the
habitat selection of modestus is most clearly defined. In
the dry forest of Guanacaste province modestus selects
fairly dense tangles, whereas the sympatric T. pleurostic
tus ravus utilizes the more open thickets. Near Tilardn,
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where modesttis occurs with T. 3 ., atrogularis and T. rufalbus
castanonotus. it is to be found in the roadside thickets, in
the isolated patches of vegetation in pastures, or along the
streams. The situation is similar in the southwest part of
Costa Rica where modestus lives in sympatry castanonotus.
T. semibadius. T. fasciatoventris melanogaster. and in places
with T. rutilus hvpervthrus. Again, modestus occupies the
more open thickets. Near Parrita, where both modestus and
melanogaster have managed to invade the mangrove swamp along
cut-over trails, the latter form is found in the dense clumps
of fern, while modestus keeps to the more open vine tangles
and bushes. At Buenos Aires modestus is encountered in the
roadside thickets, along the woodland edges, and in thickets
bordering streams that penetrate into the more open woods.
It shares the latter two habitats with hvpervthrus. a wren
that utilizes almost the entirety of the open woods.
T. semibadius.—

The name Riverside Wren, often applied

to this species, has appeared quite apt to several writers.
Skutch (1960: 137) states that the species is to be looked
for along the slopes of the wider streams, at the edges of
lowland forest that is low and swampy, and on the slopes of
foothills too steep to support trees. Though Carriker (1910:
760) states that he found semibadius also in heavy forest,
1

found these wrens only in forested areas where a stream

or the work of men had created a corridor of shrubs and tan
gles leading into the woods. At two localities this wren did
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move into extensive, recently-cleared areas where numerous
brush piles remain. Near Parrita semibadius shares the edge
of the mangrove forests with T, a* modestus and T. fasciatoventris melanogaster. South of Buenos Aires, near Paso Real,
I found semibadius. modestus. melanogaster. and T. rufalbus
along a stream in the bottom of a shallow ra
vine; but only semibadius occupied the thickets along the
stream banks. In the vicinity of Golfito and at several
other locations where semibadius occurs with melapngaster
and modestus. the first-named species occupies thicker den
ser and more extensive than those favored by modestus but
not as dense as those utilized by
T. fasciatoventrls mabnQgastftr.-- The tight thickets
utilized by this form resemble very closely those used by
the Caribbean T,

atrogularis. Apparently these wrens are

ecological counterparts on the Pacific and Caribbean slopes,
respectively. Wherever

occurs, T. semibadius

is also usually present, but the reverse is certainly not
true. As noted above, melanogaster selects the thickets of
greatest density, while semibadius sets up territories in
more open, but still dense tangles. There is apparently
mutual exclusion between these two forms. Near Golfito 1
located a pair of semibadius and a pair of melanogaster
with contiguous territories. Early one morning after sev
eral days of observation, 1 removed the melanogaster wrens.
By afternoon the pair of semibadius had expanded their
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range of activity into the territory previously occupied by
melanogaster. In a reversed situation a few miles east of
Golfito, I removed a pair of semibadius and the melanogas
ter wrens in an adjoining territory quickly extended their
limits of activity.
3L* rutilus hvpervthrus.—

Both Carriker (1910: 768) and

Slud (1964: 289) described the habitat of hvpervthrus as
thickety or tangled second growth. Though Griscom (1935)
said that this wren inhabits gallery forest in Panama, the
description is not accurate for Costa Rica. Skutch (1960:
122)

correctly interpreted the situation for hvpervthrus

when he stated: nThe Rufous-breasted Wren inhabits dense
thickets and vine tangles at the forest edge. . .n The re
quirements of this form are somewhat different from those
of the other Costa Rican Thrvothorus. Though the wren is
not an inhabitant of forest, it requires that the second
growth be of such height and extent that sympatric con
geners do not penetrate beyond the borders of these thic
kets unless some avenue is provided such as a stream bor
dered by dense growth. Inside woodlands inhabited by hv
pervthrus . the situation is rather open with relatively
little undergrowth beneath the thirty- to forty-foot trees.
As hvpervthrus moves freely about the second growth from
the ground to tree-top level, it often comes into contact
with modestus in the dense thickets at the edge of the hab
itat. Here, the two wrens compete. At Buenos Aires 1 wat-
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ched a territorial male modestus give chase to a pair of
wandering hvpervthrus that approached too closely to the
songpost of the modestus.
T. maeulipectus umbrinus.—

Howell (1957: 98) states that

the habitat preference of this wren is similar to that of
T. t. thoracicus. My single observation of umbrinus in Costa
Rica was in a situation more typical of T. rutilus hypervthrus» than of thoracicus. At Los Chiles de Grecia 1 en
countered umbrinus in second-growth thickets at the edge of
a palm swamp, where thoracicus also occurred but deeper in
the the wooded portion of the swamp. In the same swamp I
found T.

atrogularis in dense thickets in uncanopied

areas of the swamp. Both T. modestus zeledoni and T. nigricapillus costaricensis occur in the region,but not in the
immediate vicinity of the palm swamp.
T. pleurostictus ravus.-- A wren of the dry forest al
most restricted to Guanacaste province, ravus seems to pre
fer open thickets along streams, in ravines, and in soli
tary patches frequently encountered in pastures. The bird
selects the most open habitat of any Costa Rican Thrvothorus. Wetmore's statement (1944: 6 6 ) that the wren is com
mon in undergrowth in heavy forest is puzzling to me as I
have never located ravus in such a situation. I have seen
this form only in very open thickets or on scrub-covered
hillsides. Near Esparta I did locate a pair on territory in
a relatively heavy stand of young second growth, but this
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stand was in an isolated location, A few miles north of Esparta ravus occurs with T. rufalbus castanonotus and T. s.
modestus r but here caayanonfittiB is more or less confined to
an open palm woods, while modestus occurs in heavy thickets
on adjacent farmlands. At this locality ravus inhabited open
brush along fences.
X* rufalbus castanonotus.—

This is without doubt the

most difficult form to characterize in habitat preference.
The description of habitat by Slud (1964: 286) approaches
what 1 would consider as an accurate account for this wren.
In the dry forested areas, r«fi^nnnntiiR is usually found in
open woods that lack an extensive understory. This was the
situation at the palm woods north of Esparta and at Playon
de Aguirre, near Parrita. I do not agree, however, with
Slud's statement (loc. cit.) that in the Tdrraba region the
habitat of castanonotus does not differ from that of modes
tus . Here, as at TilarAn, castanonotus is situated in
second-growth thickets consisting of dense stands of young
trees, or is to be found in open woods. In contrast, modestus, especially where congeners are present, is in very
open habitats, often nothing more than a small tangle along
a stream or fence. At Monte Verde on the Pacific face of
the Sierra de Tilardn, 1 found castanonotus in lush secondgrowth vegetation, but still with the characteristic sap
lings closely-spaced, rather than tangles of vines and
bushes.
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Utilization of Habitat
In the genus Thrvothorus pairs apparently remain together
throughout the year (Skutch, 1940: 294), though final proof
awaits such definite data as observation of banded birds.
As might be expected from pair-bond retention, most of these
wrens also maintain territories throughout the year. Possi
ble exceptions are X. £. thoracicus and T. rutilus hvpervthrus. Maintenance of territory is likely to be re-enforced
by retention of bonds between parents and offspring several
months beyond the time when the young become independent of
the parents for food.
Among Costa Rican Thrvothorus. including those forms
that cure apparently nonterritorial a part of the year, the
pattern of activity within the habitat and, thus, the man
ner in which the habitat is used, is much the same. In
every instance there axe stereotyped activities that in
volve a definite part of the environment. 1 have divided
the habitats into four layers or strata. Admittedly, these
divisions are arbitrary, but I believe that they ref elect
somewhat the natural stratification of the vegetation. For
each field sighting, wherever possible, the activity of
the bird and the height of its position were recorded. The
activities have been classified into foraging, singing, and
unclassified. Only in those instances where the full song
or a major portion of it was heard, did 1 record the ac
tivity as 'singing'; all other vocalizations have been as
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signed to the 'unclassified'. This arbitrary action has un*
doubtedly introduced bias into the results, but I believe
reasonable conclusions may be based upon the available rec
ords, though it is regretable that some of the wrens are so
poorly represented. Differences between the wrens become
more apparent when Table VI is examined.
As noted by Skutch Cloc. cit.) Thrvothorus wrens sing
r

throughout the year and utilize song as a means of commun
ication between pair members. Nevertheless, song also serves
to advertise territory and to attract mates. The territor
ial male will have at least one or two positions from which
he advertises. In T, m. modestusr T. moffost-ms zeledoni. T.
CuJteltog castanonotus. T. &. atrogularis. and T. nigricaoillus costayteensis. this song post is frequently high up
in a tree, which is often well apart from thickets. The fre
quencies of the singing positons above ten feet expressed
as a percentage of all the singing records for eahc of the
species are as follow: modestus. 28; zeledoni. 56; castano
notus . 32; atrogularis. 33; and costarteensIs. 23. On the
other hand, T. semibadius. T. fasciatoventris melanogaster.
and T. pleurostictus ravus advertise from perches low in
the thickets. The frequenceis of singing positions above
ten feet in this latter group of wrens are: semibadius. 7.5;
melanogaster. 3.6; and ravus. 9.0. The form T. rutilus hvperythrus scored eighty-four per cent for singing positions
above ten feet. This is in accord with my field observa
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tions of the activities of hvpervthrus. I do not have suf
ficient information concerning singing positions of T. t.
thoracicus and X* maculioectus umbrinus.
The wrens differ in their selection of nest sites. Al
though there is variation within each form as to height and
location, generally the nesting situation of each may be
characterized as follows,
X. njgricapillus costaricensis.—

The elbow-shape nest

of this wren has been recorded by Carriker (1910: 759) as
being located ", . .in an upright crotch of a small tree or
shrub from five to fifteen feet above the ground. . ."
T. x. thoracicus.—

Carriker (o£. cit.i 759) found one

nest of this wren at the edge of a forest. The dome-shaped
nest was placed on a horizontal limb of a small tree, about
eight feet above the ground. No other information is avail
able concerning nest location of this form.
T. modestus zeledoni.—

Despite encountering this wren

on numerous occasions during the breeding season, I have
seen but one nest. It was wedged in, and woven around the
base of a small tree and the surrounding brambles, fourteen
inches above the ground. The globular structure had an en
trance tunnel that extended two inches beyond the nest pro
per. I do not know of any other information concming sites
of nesting for this wren.
X* i&. modestus.—

Skutch (1960: 127) describes nests for

this form as situated from two to ten feet above ground,
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but with the majority of the nests occurring below four
feet. The nest site is usally a bush, a tangle of vines, or
a clump of grass. I have not seen any active nests, but the
inactive nests that I have found have been situated in dead
ferns and small bushes at the edges of thickets.
T. semibadius.-- Skutch (op. cit.: 134) states that this
wren frequently builds nests in bushes overhanging streams,
four to eighteen feet above the water, though more fre
quently azround six feet. The single nest that 1 located on
23 November 1962 was about five feet above the ground and
at the edge of a bushy thicket. This two-chambered nest,
like those described by Skutch, was fashioned around a
stout twig in such a manner that the twig gave support to
the entire structure of the nest.
T. rutilus hvpervthrus.—

Active nests of this wren have

been located by Skutch ( o p . cit.: 119) in a variety of sit
uations, from four inches to fifteen feet. He once watched
a bird building in a viny tangle forty to fifty feet above
the ground but was not sure that this nest was for breeding
purposes. Host of the nests located by Skutch were inter
mediate in height, four to six feet. The single nest that 1
located at Buenos Aires on 16 May 1965, was approximately
twelve feet above ground in the fork of an overhanging
branch. The tree containing the nest was in the open woods,
well away from any tangle or dense bushes.
£. pleurostictus ravus.—

Most of the elbow-shaped nests
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seem to be located in upright forks of Acacia trees or other
spiny plants where natural protection is afforded by the
spines of the plant* Double protection is offered in Acacia
trees by the presence of colonies of Pseudomermix. a fero
cious ant that dwells within the limbs of the tree. A nest
1 observed on 17 July 1965, near Caflas, was located in a
spiny palm of the genus Bachtris. about two feet above the
ground. When originally found on 14 July, by Dan Jansen,
this nest was directly below a nest of hornets. The insect
nest was collected at that time and soon afterward the wren
nest was destroyed by predators. Near TilarAn, I found four
old nests. Three of these were between three and four feet
above ground in small shrubs; the fourth was five feet up,
on the horizontal limb of a thorny tree. A few miles to the
vest, near Los Angeles de Tilardn, I located three nests in
a lightly-wooded ravine. Two of these nests were old and
were located four feet above ground in small shrubs; the
third nest contained nestlings and was situated eight feet
up in an Acacia. Further down the ravine I found two more
old nests about eight feet up in Acacia. These onservations
substantiate those made by Skutch (1940: 303).
T. rufalbus castanonotus.—

I have seen active nests of

this wren in three areas: near TilarAa; in the palm forest
north of £sparta; and near Paso Real, southwest of Buenos
Aires. In all three instances, the nests were seven or
eight feet above ground and each had some sort of natural
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protection. The nest near Tilardn had a wasp nest suspended
about eight inches below the entrance; the nest in the palm
woods was placed at the base of a frond in a spiny palm
(Bachtris) as was a nearby, abandoned nest; and the nest
near Paso Real was located at the base of a branch in an
Acacia tree. Two nests reported by Carriker (1910: 757) were
about ten feet up in the forks of small trees. Like £. nigricapillus costaricensis. this wren builds an elbow-shaped
nest.
No information is available regarding the nest site lo
cation of T.

atrogularis. T. fasclatoventris melanogas-

te£, or T. maculioectus m b j ^ n u s .
The pattern of searching out food items is essentially
the same in all of the Costa Rican focms of Thrvothorus.
Briefly, the bird moves along a limb or vine examing each
curled leaf or each crevice. Frequently the wren stretches
upward to secure an insect or other prey from an overhanging
lomb or leaf. Similarly, a bird may also hang down from its
perch to glean an item from a lower twig. The wrens may move
from one postion to another in the same tangle or bush, or
they may move quickly through a succession of tangles and
bushes, searching one or two twigs rapidly in each new lo
cation. One variation observed in certain forms is that of
ground foraging. In this case, the bill is used to flip
twigs and leaves as the wren looks for food in the litter.
In those areas where two or more of the wrens occur in sim-
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ilar habitat, overlap in the use of the habitat for foraging
is to be expected. Lessened competiton for food in such sit
uations may be anticipated by differences in the foraging
behavior. Though my records for foraging by the wrens are
scanty, the utilization of the habitat for this activity in
most of the forms is shown by Table VI. Below is an account
for each form:
I. nigricapillus costarlcensis.-- Though the foraging
records are too few for correlation, the fact that over fifty
per cent of all observations were in the five- to ten-foot
stratum seems significant. Wetmore (1959: 13) in discussing
the closely-related form T.

q

. odicus>states: ". . .the

birds at times worked up through the branches and -creepers
into the tops of the taller trees." I believe, however, that
the true situation is brought forth in the comments by Car
riker (1910: 761) that costaricensls: ". . .does not creep
around amongst the fallen trees and rubbish. .
T. t. thoracicus.—

My observations of foraging by this

wren are evenly distributed among the three higher strata.
This form tends to avoid the lowest five feet of the habi
tat. Richmond (1893: 483) commented: "This species is
found in the forests in trees, usually at a distance of 10
or 2 0 feet from the ground. It spends its time much as does
Thryothorus atrogularis- searching among the bunches of dead
leaves and masses of dead material lodged in vines." Carri
ker (1910; 759) stated that thoracicus stayed higher up than
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other wrens. Slud (1964: 286) states: "Though rather seden
tary in habits, the wren nay explore a tree to good heights
and creep unhurriedly within an arcade of thickly tangled
vines."
T. a, atrogularis.—

All my observations of foraging by

this form are for below ten feet in the vegetation. My ex
perience does not bear out the statement by Richmond (1893:
483) that this wren is found in the forest, ten to twenty
feet up in trees, searching for food in the thick tangled
vines or in masses of vegetation lodged in palms. Only fur
ther field observation will clear up the disagreement.
X* modestus zeledoni.—

The field observations indicate

that the foraging activities of this form are spread through
the three strata between ground level and twenty feet. I
have observed this bird foraging on or near the ground on
several occasions. A majority of the records are for the
strata from five to twenty feet. Carriker*s only comment
(1910: 755) is that the habits of zeledoni are similar to
those of X* &• modestus.
T. a* modestus.—

Foraging observations for modestus

are recorded in all four strata. However, records for the
highest stratum are few and compose but nine per cent of
the total. The majority of the records are distributed
evenly over the other three strata. The comment by Skutch
(1960: 123) that modestus always forages close to the
ground and rarely rises above the tops of low bushes is
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not strictly accurate, although more than seventy-five per
cent of all my observations for modestus have been recorded
below a height of ten feet.
T. semibadius.-- The only observations I have of for
aging by this species are in the lowest five feet of the
vegetation. This is probably somewhat misleading as the
total number of observations for this level (including the
singing and unclassified records) are about equal to those
recorded for the next-highest level, five to ten feet.
Skutch (1960: 131-132) cites an observation concerning the
foraging of this wren: "They hunted chiefly in the curled
leaves of the banana, the cecropia tree, and other plants,
clinging to them in all sorts of positions and attitudes
while they probed the folds in the leaf tissue with their
sharp black bills. Presently, one of the wrens discovered
a sluggish, brown orthopterous insect, almost as long as
itself, which was crawling slowly on the ground. With a
few nips and shakes the bird quieted the relatively huge
prey, then proceeded to devour it by picking off tidbits
and savoring them with the air of a gourmet. The repast
lasted for many minutes, the wren all the while standing
on the bare surface of the steeply sloping bank." I have
never observed this behavior* but it probably is not too
uncommon among these wrens and in the other forms, for 1
have found many "tidbits" of large orthopterans in the
stomachs of Thrvothorus. Skutch (op. cit.: 132) records
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the presence of semibadius at the edges of an army ant
swarm, but notes that these wrens were not taking advantage
of the insects stirred up by the ants as do antbirds and
"other professional followers of the ecitons."
T. fasciatoventris melanogaster.—

Though 1 have recorded

this wren foraging in both the ground to five-foot stratum
and in the ten- to twenty-foot stratum, melanogaster def
initely prefers the upper parts of the low thickets from
five to twenty feet. Particularly, these birds are attracted
by dense clumps of the bananalike Heliconia plant. Slud
(1964: 298) comments that in habits this wren is similar to
other wrens that frequent dense thickets, but that melano
gaster is much more deliberate in ±t6 movements. Carriker
(1910: 769) likens the habits of this form to those of T. a.
atrogularis.
X* rutilus hvpervthrus.-- My few recorded instances of
foraging are scattered through the layers of the habitat.
r>

This is true for all the observations of hvpervthrus. though
there is a tendency for more utilization of the ten- to
twenty-foot stratum. The comments of Slud (1964: 289) and
Skutch (1960: 116) are in accord. Skutch mentions the rest
lessness of these wrens and their constant movement through
the thick tangles of vines and heavy leaf masses in the
tops of the trees.
T. maculipectus umbrinus.—

The single observation of

this wren is one of foraging in the five- to ten-foot stra-
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turn, Howell (1957: 98) likens the habits of umbrinus to
those of T. t . thoracicus. particularly in that the bird
foraged low to the ground but frequently moves up vine tan
gles that extend up trees for about twelve to fifteen feet.
T. pleurostictus ravus.—

All foraging records that I

have are for the lowest stratum, from groun to the fivefoot level. However, the large percentage of unclassified
observations recorded in the layer directly above indicates
that foraging probably also occurs in this latter layer.
T. rufalbus castanonotus.—

The foraging records are rel

atively even in distribution among the three lower levels,
but the sample size is so small and so many of the total
observations in the five- to ten-foot layer are unclassified
that ay recordings of foraging cannot be properly evaluated.
Slud (1964: 286) has observed this wren foraging on the
ground and states: "This bird forages, as a rule, in thick
growth within a yard or two of the ground.1*
1

should emphasize that the present recordings are in

sufficient to present a complete picture of the situation,
but there is evidence that stratification occurs among those
wrens that utilize, at least in part, the same habitat. This
is another method by which competition has been reduced be
tween sympatric congeners. While the separations are not
complete in the stratification of foraging behavior, the
proportion of activity in each stratum differs in the vari
ous members of this wren genus.

TABLE VI. Records of activity in Thrvothorus.

Activity stratum
Activity class*

A

0-5 ft,
B C

A

5-10 ft.
B C

A

10-20 ft.
B C

A

20+ ft.
B C

I. n. costariconsis

-

2

18

1

18

18

1

5

4

-

1

-

T. t. thoracicus

-

1

5

2

1

10

3

-

3

2

1

-

1 . &. fltg)fflilarji,s

2

-

4

3

4

2

-

2

4

-

-

m

I. m. zeledoni

5

5

12

3

10

23

5

15

22

-

4

2

1 . m. modestus

6

11

47

6

49

62

8

19

18

2

5

4

T. semibadius

3

7

28

-

18

22

-

1

6

■a

1

-

1 . f. melanogaster

1

3

6

4

23

11

1

1

1

-

-

mt

T. r. hvpervthrus

1

-

6

-

2

3

1

7

7

1

4

4

1 . m. umbrinus

-

-

1

-

-

-

-

•»

-

a*

-

T. £. £gyus

3

6

17

-

4

20

-

1

3

-

-

T. r. castanonotus

5

3

14

3

22

25

3

8

10

-

4

* A =* foraging activity; B = singing activity; C = unclassified activity;
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ECTOPARASITES
Paine (1966) points out that predation and parasitism
may have an important bearing on competition in an environ
ment by reducing population levels of competing species to
a point such that the ecosystem may accomodate all the com
petitors without detriment to any of them. It is possible
that some of the ectoparasites might have a role in deter
mining populations of the wrens in this study, I do not wish
to Imply that ectoparasites are a major mechanism in the
reduction of competition between congeners, but in combi
nation with other aspects of the ecology of the Thrvothorus
wrens, some groups of ectoparasites could add to the total
framework of the environment allowing sympatry among con
geners 1
In initiating the field studies 1 included ectoparasites
as one aspect of the wren ecologies that might provide use
ful clues as to habitat selection among these birds. Too,
the possibility existed that the feather mites and feather
lice might provide additional evidence concerning the rela
tionships of the three species pairs among the Costa Rican
Thryothorus that presented taxonomic questions.
Virtually all the ectoparasites were arthropods: the
lone exception was one collection of nematodes. The arthro
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pods included feather mites, ticks, chiggers, fly larvae,
and feather lice. Because of the habits of the feather lice
and the feather mites, it is unlikely that these two groups
of parasites could have any effect upon the control of wren
populations. Even the value of these two groups in deter
mining the systematic relationships in the three taxonomic
problems is negligible. The remaining three arthropod
groups and the nematodes offer a possible control on popu
lations as these ectoparasites derive their sustenance at
the expense of the host. As these parasites are not hostspecific, each form of Thrvothorus in a given environment
theoretically has equal opportunity for being parasitized
by the ectoparasites present in that enviornment. Where
these arthropods are abundant, mortality among the wrens
may be increased and the population levels decreased. The
mortality of nestlings and fledglings would probably be
most affected by ectoparasites.
Following are discussions of the various ectoparasites
collected from Costa Rican ThrvothorusNematoda
Spiruroidea: Spiruridae.—

Male and female specimens of

the nematode Oxvspirura pqnstml were collected from the or
bital region behind the nictitating membrane of a male T. f,
melanogaster collected on 13 June 1965, near the port of
Golfito, Puntarenas province. I have collected other such
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nematodes from Pharomayftipin mocinno (Trogonldae) and Centurus nucha rani (Picidae). This eyeworm is widespread in
domestic fowl in the southeastern United States and members
of the same genus have been recorded from numerous species
of birds (Yorke and Maplestone, 1962: 536), but this is the
first report for this parasite from Thrvothorus. The inter
mediate hosts for 0. pfingopl are roaches. Threlkeld (1958:
321) states that this organism may cause intense inflamation and eventual loss of the eyes for the host.
Arachnida
Acarina: Trombidiformes.—

Five species of chiggers, all

of the family Trombiculidae, were collected from five spe
cies of Thrvothorus. Included among the chiggers was an un
described species of the genus Euschoeneastia. Julius C.
Geest (ift litt.) states that Neoschoengastia americana and
Eutrombicula alfreddugesl are widespread from the United
States to Panama, and that £• goeldli occurs from western
Mexico to Panama.

sinnamarvi had previously

been reported only from Panama. The new species of Euschoengastia seems to have the same distribution as B. si nnamarvir
according to Geest.
As may be noted from Table VII, the species of chigger
with the most southerly distribution has been collected from
two wrens (T. r u ^ l u s hypervthrus and T. gafipiflSffygntrjs)
that reach their northern limits of distribution in Costa

TABLE VII. Chiggers collected from the avian genus Thrvothorus.

Chigger

Neoschoengastia Eutrombicula Eutrom. Euschoengastia Blahkaartia
americana
alfreddugesl goeldii sp. nov.
sinnamarvi

«
HI

b

1

1

i

T . r.
castanonotus
T. m.
modestus

i

i

i

i

i

1. 1*
melanomaster

l

T« £.

hzppjartbcas.

i

a Parasites and hosts are arranged in the table according to their north-south
sequence of distribution within Middle America,
b Figure indicates the number of hosts from which the chigger was collected.
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Rica, while the wrens with a widespread distribution
throughout Middle America are parasitized by the chiggers
with widespread distribution. However, the presence of the
undescribed species of chigger on the wren T. pleurostictus
ravus and that of B. a^namanyl on the widespread wren T.
m. modes tua detracts from the suggested correlation of dis
tribution of parasite with distribution of host. The one
fact that presents itself is that only wrens from Pacific
slope localities have been collected with chigger parasi
tizing them.
Acarina: Ixodides.—

1 have recovered ticks from all

the Costa Rican Thrvothorus except T. fasclatoventrie me
lanomas ter and X* maculipectus umbrinus. Very likely the
lack of records from these wrens is due to the small sam
ple size rather than to the absence ofthese ectoparasites
from melanomas ter and umbrinus. All the ticks collected
were of the subfamily Amblyomminae, family Ixodidae. Fur
ther, all but one of the ticks were larvae or nymphs of the
genus Amblvonma. the single exception being one larva of
Haemaphvaalis leporisnalustris from an example of T. nimricapillus cpstarlcenaiB. The genus Ambvlomma is a difficult
one taxonomically, and few species have been associated
with their larvae and nymphs. Among the examples collected,
the distinctive immature forms of
from cgstflriLfigBsls, X*

lonmirostre were taken

modestus. and X* «• atromularis.

Glen M. Kohls (in litt.) states that there are two* pos-
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sibly three other species represented, but that they are
not identifiable,
Acarina: Sarcoptiformes.-- Without question this is the
most difficult group of acarines with which to work. Three
families are represented in the collections, but the major
ity of the mites belong to the family Proctophyllodidae.
The other families are the Analgesidae and the Dermoglyphidae. Because of the confused state of the taxonomy in these
families of mites, 1 made no attempt to identify the mater
ial below the generic level. Consequently, this group of
ectoparasites is of little use in evaluating the relation
ships of the wrenB, Listed below are the wrens and the gen
era of mites collected from each,
T. nlfiglSflpUfoM cog tar icons is.—

Analgesidae, Mesalgeg;

Dermoglyphidae, Falculifer.
T. t. thoracicus.—

Proctophyllodidae, Calcealaes. Pter

odectes. Trouessartia: Analgesidae, Hemialges: Dermoglyphidae, Cheiloceras.
X* fl* atrogularis,-- Proctophyllodidae, Proctophy1lodes.
Pterodectes.
T. podestus geledoni.-- Proctophyllodidae, Allanalges.
Calcealges. Trouessartia. Pterodectes; Analgesidae, Analges.
£. ffi. modestus.—

Proctophyllodidae, Allanalges. Calce-

algea« Pterodectes.
T. semlbadius.—

Proctophyllodidae, Allanalges. Calceal-

ges, Pterodectes; Dermoglyphidae, Gabucinia.

94

£• fasclatovantris melanoeaster.-- Proctophyllodidae,
ProctoPhvllodes.
1. rutllua hyperythrus.—

Proctophyllodidae, Proctophyl-

lodes; Analgesidae, Berlesella.
T. pleurostlctus ravus.-- Proctophyllodidae, Calcealges.
Pterodectes. Trouessartiai Analgesidae, Analges.
T. rufalbus castanonotms.

Proctophyllodidae, Troues-

sjCalcealges.
No feather mites were found on the single specimen of
T. maculipectus umbrinus. Additionally, no individual host
was infested by more than one genus of feather mite, though
other ectoparasites were frequently present. Radford (1953)
does not list any member of the family Troglodytidae as a
host for feather mites.
Xnsecta
Mallophaga: Manapon idae •- - Despite the long and intense
studies by M.A. Carriker, Jr., on the feather lice of neotropical birds, especially in Costa Rica, this order of in
sects has not previously been recorded from the genus Thrv
othorus. 1 collected feather lice from T.

atrogularis.

T. t, thocftcteus, T. nigricaoillus costaricensis. and T.
rufalbus castanonotus■ According to Robert J. Tonn (in
litt.), these examples represent undescribed species of the
louse genus Menacanthus. Members of this mallophagan genus
have been recorded for the wrens Campvlorhvnchus brunnei-
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(14. diatinetus) and Troglodytes troglodytes (M.
tenuifrons).
Diptera: MuseIdae.-- Subcutaneous fly larvae were found
on three occasions: an adult T. modestus zeledonl: a re
cently fledged X* E* modestus: and in three sibling nest
lings of X* rufalbus castanonotus. The adult bird had six
larvae in subcutaneous pockets, while the fledgling was in
fested by eighteen of these hematophagous parasites. Each
of the three nestlings was parasitized by more than twenty
of the larvae. The condition of the nestlings was such that
the development

of the young birds was apparently being ar

rested by the presence of the fly larvae. Though the feather
development indicated an age of six or seven days for the
young wrens, the eyes of these nestlings were not yet open.
In addition, the heads and wings were distorted by heavy in
festations of the parasites. This has led me to conclude
that such heavy infestations may be an important factor in
the nesting success of the wrens.
A number of the larvae from the gggtfijRppn^ug wrens were
forced into pupation. Eventually, adults emerged and were
preserved. These flies have been identified by Maurice T.
James as Philornis pici. The larvae collected from zeledoni
and modestus are also of the genus Philornis but have not
been identified to the specific level. Members of this fly
genus have been recorded as parasites from a wide range of
hosts, but never before from a wren.

DISCUSSION
The reasons for species diversity in tropical environ
ments is a problem of great complexity, one not likely to
have a simple solution. However, so much speculation has
arisen as to the probable factors concerned that I believe
some effort must be made to sort out the hypotheses that
have been presented and, if possible, to formulate a rea
sonable explanation based on information obtained directly
from field studies in tropical habitats. As a result of
studies on the avian genus Thrvothorus I cannot accept any
one of the several hypotheses as the s inale factor that ex
plains tropical species diversity, I am convinced that the
solution to the problem is to be found in a framework of
several mechanisms operating in conjunction with each other^
Too, the mechanisms that operate in one habitat or on one
group of organisms may not be effective in another habitat
or upon other groups of organisms.
The Ecological Niche
As Connell and Orias suggest (1964: 399), the ecological
niche is a concept for which an operational definition is
difficult, if not impossible, to construct. If one accepts
the interpretation that a niche does not exist unless it is
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occupied, then the niche must be equated with the sum total
of all the biological requirements of the species (or indi
vidual ?) occupying the niche. By this definition, any two
species are automatically excluded from occupying the same
niche. Klopfer and MacArthur (1960) suggest that tropical
species may have greater similarity in their niches than do
temperate species. Thus, more species will be able to exist
in an ecosystem of the tropics. Klopfer (1965) proposes an
alternative to the idea of similarity when he suggests that
tropical specieB are more stereotyped, ^.e., more special
ized, in their requirements and, therefore, the "niche size"
is reduced, allowing more niches within a given habitat.
There is no doubt that the Costa Rican forms of Thrvo
thorus do have broad overlap in their ecological require
ments. This is demonstrated by the similarity of habitat
preference, the essentially identical foraging behavior,
and the lack of differences in type or size of food prey.
I am uhable, however, to state whether or not these wrens
are utilizing smaller niches, as 1 know of no studies con
cerning temperate sympatric congeners that could be direct
ly compared with this study of Thrvothorus. The Costa Rican
members of this genus are not specialized in their selec
tion of food items and the habitat selection of several
forms is sufficiently broad in aspect as to prevent cate
gorization as stereotyped, a guideline that Klopfer (ibid)
utilizes for determining niche size. If anything may be
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stated about the niches of the Thrvothorus wrens , I would
emphasize that these species are relatively nonspecialized
and this, according to Klopfer, would demonstrate a rela
tively "large niche."
The Tropical Environment
Hutchinson (1959) points to the tropical community it
self as a factor contributing to greater diversity. Tropi
cal environments are considered to be more complex and more
stable than temperate environments. The diversity within
the vegetation and the complex nature of the food webs are,
according to some, inherent mechanisms for increased species
diversity; i.&., more potential niches become available. In
particular, tropical habitats appear to be less uniform in
their make-up and frequently have mosaic patterns of vege
tation. Not only is there variation on the horizontal plane,
but also on the vertical; tropical communities tend to have
more diverse stratification of the vegetation.
Thrvothorus wrens usually are situated in disturbed hab
itats or edge situations such as bushy fields, early stages
of forest succession, or ecotones. In studies of habitats
of this type. MacArthur (1964: 387) states that the number
of bird species and their abundance can be predicted from
measurements of the variety of vegetation patches present,
if one knows that each bird species has a preference for a
certain characteristic proportion of foliage in each layer.
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From the evidence gathered in ray study of the wrens, I have
tentatively concluded that for the genus Thrvothorus in
Costa Rica the number and abundance of the species cannot
be predicted from such a measurement of the vegetation.
Habitat Relationships
Hamilton (1962 : 52-54) in a study of the avian genus
Vireo presents four types of habitat relationships among
sympatric members of that genus. These are: (1) lateral hab
itat separation in which local, sympatric populations are
separated by restriction to different, but often contig
uous habitats; (2) stratal habitat separation, a situation
usually encountered among species having similar habitat
preferences but differing foraging positions; (3) altitudinal habitat separation, in many respects another manifes
tation of lateral habitat separation; and (4) habitat co
occupancy, the utilization of the same habitat during the
breeding season. Hamilton found the last type of relation
ship only among vireos of marked difference in external mor
phology; From this he tentatively concludes that "for this
genus only the older or more diverged species can exist in
close proximity to one another during the breeding season."
Of the four categories of habitat relationships that
Hamilton (ibid) has set forth, only the first and last are
applicable to the Costa Rican Thrvothorus 1 Interesting to
me is the fact that J. £. thoracicvis. the one form that
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most closely approximates the second category, fits best in
to the relationship expressed as "lateral habitat separa
tion*1* The wren T. rutilus hvoervthrus also is an example of
lateral separation, but the separation is far from complete*
Possibly T. maculipectus umbrinus should be placed in this
category, but the evidence on which to base a conclusion is
not sufficient* Among the other orms of this genus in Costa
Rica, the majority of the relationships are of the fourth
category; i.e., habitat co-occupany.
Hamilton (loc. cit.) and Skutch (1951: 3) have both ex
pressed the opinion that where congeners are co-occupants
of a habitat, there are strong differences in plumage pat
terns and in vocalizations that tend to reduce competition
and chances of interbreeding among the sympatric forms.
Without question this is the situation among the Thrvothorus
in Costa Rica. The only two morphologically similar forms
occurring in sympatry are X* rufalbus castanonotus and T. m.
modestus. Even in this case the birds are dissimilar to a
recognizable degree, and the vocalizations are extremely
different. Too, because of its habitat preference, castano
notus is limited in its contacts with modestus to a rela
tively minor portion of the environment.
Species Abundance
Within tropical regions the climatic stability should
provide greater stability in the production of biomass by
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ecosystems and, hence, more stability in the food webs. In
preceding sections I have emphasized the likeliness of re
duction in competition by a reduction in the peak demand
for energy placed upon the community by the competitors.
There is a certain amount of fluctuation in biomass produc
tion in tropical environments, particularly where a distinct
dry season occurs in the annual climatic cycle. The resump
tion of the rainy season can be likened to the onset of
spring in temperate latitudes. On both occasions there is
an upsurge of biomass production. Responding to this increase
of available food supplies, birds reproduce. In temperate
regions it signals the beginning of the breeding season, but
in tropical regions it merely raises the level of reproduc
tive activity. For those tropical areas where the dry season
is less pronounced, the peak of biomass production is less
noticeable than in regions with a distinct dry season. The
stabilized production of biomass in tropical communities af
fects the abundance of species. This is demonstrated by
T. m. modes tus throughout its range in Costa Rica. In the
northwest dry forest region, this wren has a relatively low
population level, though distributed throughout the entire
region. The population levels in the transition and wet
forest zones are extremely high despite the presence of
more sympatric congeners.
One point concerning bird species diversity and abun
dance in tropical environments has not received sufficient
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attention. In many tropical communities not only must the
strain of breeding and molt of birds be met by the energy
resources of the environment, but an additional energy
demand is created by the influx of migrant birds, both
transients and wintering residents. These additional avian
populations place a heavy burden on the biomass productiv
ity during a large portion of the annual cycle. This added
8train on the energy resources undoubtedly has an effect on
the populations of resident species.
Among other factors contributing greatly to the control
of population levels and, therefore, to the abundance of
species, are nesting success and the effects of predation.
Relatively little information is available concerning these
two factors.
The statement is frequently made that tropical species
of birds tend to lay smaller-sized clutches of eggs. There
is sufficient evidence to subataniate this idea. However,
what happens to the clutches in terms of brood success,
predation and parasitism of nestlings, and the number of
offspring successfully raised per year per pair of nesting
birds remains unknown.
Among the Thrvothorus wrens the eggs and nestlings re
ceive a certain amount of natural protection from sane of
the potential predators by the construction of the nest and
the locations utilized in nest construction, Amon tropical
wrens little has been reported concerning destruction of
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nests or disruption of nesting by predators, but in Costa
Rica there occur an abundance of potential predators. These
include the egg-eating snake genus Spilotes. numerous owls
and falcons, and such mammals as raccoons, opposums, foxes,
and weasels. One instance of brood parasitism has been re
corded for the wren X* Pleurostictus: Rowley (1962: 258)
cites an instance of a nest parasitized in Mexico by the
cowbird Taneavius aeneus. Nestling Th^ffiorus are subject
to parasitism by dipteran larvae that feed on the blood of
the hosts. If the infestation were sufficiently heavy, then
the chances of survival of the nestlings might be impaired.
Though species of this genus average three or four eggs
per clutch, family groups rarely include more than two ju
veniles and frequently one only. As the bonds between off
spring and parent are retained for an extended period in
these wrens, a second nesting is unlikely to occur. At a
nest of £• rufalbus castanonotus near Tilardn, three birds
were attending nestlings. One of the birds collected was a
subadult in nonbreeding condition. Though this wren was ob
viously what Skutch (1961) calls a "helper," I am not able
to decide whether it was a member of a previous brood of
the mated pair, or whether the subadult collected repre
sented an unmated bird that attached itself to the nest
after the eggs were laid, Skutch (loc. cit.) states that
helpers are found most frequently where species do not re
pel young of the previous brood as the adults prepare for
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the following brood or when this later brood hatches.
Attempts to evaluate the effects of predation and para
sitism upon the mortality of fledglings and adults of trop
ical birds are nonexistent. These wrens are most susceptible
to predation during the breeding season when all the activ
ity is centered first upon the nest, then upon the fledg
lings. Logically, one can assume that the adults are less
attentive when an increased portion of the daily activity
must be spent in searching out food items. Also, the adults
become less secretive din habit and more aggresive when at
tending nests of young. During that portion of the annual
cycle when adults are not attending young, the secretive
habits and the thickety habitats preferred by Thrvothorus
species probably reduce greatly the chances of predation
upon these wrens.
The role of most ectoparasites in control of populations
must be a relatively insignificant one. I believe that the
blood-feeding fly larvae may be a factor in mortality of
nestlings. As the wrens include roaches in their diets, it
may be that the eyeworms cause some mortality of adults.
However, for the most part, ectoparasites probably affect
only population levels where there is a crowded condition.
Here parasites that are detrimental to their hosts could
cause mortality of birds that are in a generally weakened
condition.
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Interspecific Territoriality
Three possible relationships of territoriality exist for
sympatric congeneric species: territorial overlap; terri
torial exclusion; and territorial separation. In the first
instance one would expect differences in ecological requi
sites between the congeners to prevent or reduce competi
tion. As Hamilton (1962: 64) states, it is likely that con
geners which overlap in territories during the breeding
season must have adaptive adjustments, either reciprocal or
one-sided, permitting avoidance of interspecific competition
or hostility. Territorial exclusion offers an interesting
possibility as a mechanism for development of sympatry.
The Costa Rican Tfafyothorus present examples of all three
territorial relationships and some cases of intermediate
nature. The relationship between two forms may differ from
one locale to another, usually depending upon population
densities. Where populations of one or more forms of sympa
tric congeners are high, there is a strong indication of
territorial exclusion. But mutual exclusion is not always
dependent upon population levels: it appears to be the u s 
ual situation between T. semibadius and T^ fasciatoventris
melanomas ter. T. m. modes tus. on the other hand, tends to
be extremely variable in its relationships with congeners.
This form exists at relatively low population levels in the
dry forest region, and here there appears to be territorial
separation between congeners. In regions of wet forest or in
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zones of transition modes tus shares the habitat with semibad jus. melanogaster. T. rutllus hvperv thrus. and T. rufal
bus castanonotus. Where modestus reaches extremely high pop
ulation levels, the relationship with the other wrens chan
ges to one of territorial exclusion. Although T. modestus
zeledonl and T. g. atrogularis use the mosaic nature of the
habitat to reduce competition, the two forms are mutually
exclusive in areas where the population levels of zeledoni
are unusually high* At Tilardn where atrogularis occurs
with modestus and castanonotus. the three wrens all utilize
indiscriminately a neglected coffee plantation for foraging
but not for breeding. All the relationships of T. niaricaoillus costaricensis appear to be that of territorial
separation.

SUMMARY AND CONCLUSIONS
The eleven forms of Thrvothorus in Costa Rica are re
stricted to the tropical and subtropical zones. Five of these
are essentially Caribbean in distribution; the other are Pa
cific. The wrens within these groups co-exist over wide
areas.
Field studies demonstrate that Costa Rican forms of this
genus show little difference in selection of type or size of
prey, as might be expected from the relatively low ratios of
bill size among the forms. The foraging behavior of the
wrens is also extremely similar, though some forms that cooccupy the same habitat show preferences in the strata of
the habitat utilized. This difference in preference in not
exclusive in any form, but is a matter of the percentage of
time spent in each of the strata.
There are no drastic differences among sympatric forms
in size of proportions. However, each congener is distinct
in plumage pattern and in song from the other Costa Rican
Thrvothorus.
Habitat selection accounts,for part of the overlap among
the wrens. Two forms prefer more wooded habitats than their
sympatric congeners. Among the other wrens sympatry results
from utilization of the mosaic pattern of the vegetation in
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the communities and by Interspecific territorial exclusion.
No evidence has been discovered that indicates a reduction
in size of the niche as a mechanism for allowing more spe
cies to utilize a habitat.
A further tolerance for sympatry in the environment prob
ably results from the staggering of peaks in breeding and
molt among congeners, which reduces the peak demand for en
ergy upon the environment.
The roles of predation, breeding success, and population
levels in development of sympatry for congeneric species
remains unknown. The last factor may prove to be very im
portant in determining sympatry.
I am convinced that there is no one simple explanation
for the increased species diversity in tropical regions and
especially for the occurrence of sympatric congeners. With
out doubt slight differences of habitat preference and m u 
tual exclusion of territories are important factors in the
development of sympatry among the Thrvothorus of Costa Rica.
The stability of tropical environments as compared with that
of temperate environments probably has aided the congeners
in utilizing the same habitats, but this is a question that
can be answered only through comparative studies between
tropical and temperate communities.
A variety of communities exist in tropical regions and
the ecological requirements of avian species in these re
gions are extremely diverse. Therefore, the mechanisms ef-
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fecting the development of sympatry among the Costa Rican
Thgyothorus should not be expected to explain sympatry in
all tropical birds.
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